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UN*YING I"'OR T AND X IN THR TIFB'JSION PLCN’S.‘

Mr, C. Damisl snd the wrlter, is the first step towards_ 27
up s reliable msterinl accounting system for the K-25 plsnt,

. The report presents sn analysis of the problem from the
point of view of the Process Development Devariment, to serve
a basis for diseussion with the opereting depsriments ard

the laboratory.
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' AGCOUNTING FOR T AND X IN THE DIFFUSION PLANT

‘ ABSTRACT. 1% is recommended that a relisble material ac~
counting system bs set up at the diffusion plant, so.
. that msserial balances for T and X may be evaluated
*~  with the least practicable uncertainty. Suggestions
are mede Tor systematizing material accounting. Spe-~
cific procedures are recommended for most of the trans-
fers of material and teking of inventories, subject
to further study by the Process and Laboratoxry Depari-
ments. - Additional technical studies ere recommended
t0 improve the meterial accounting system. :

An analysis is made of the renability of
material balances et K-25. It is recommended that
a materiel balance period bs about 30 days in length.-

* In such a period the daily rate of loss of T can be
determined with an uncertainty of ebout $1.2 kgm. and
the daily rate of loss of X with an uncertainty, undey
present essay technigques, of ‘about 40.1 kgm. The latter

number may be reduced to eboud #0. 0% kgn. by further re—~
search on assay methods. Both the T eand X uncertainties
are further reduced when the data fxom e number of
mteripl bzlance pariods are pooled.

- A material sccounting system of this degroe of
. relisbility will furnish valuable information concerning
. the rate of consumption of TFg by plant surfaces and
concerning the possidility of unrenorted diversion ot
X from the K~25 aerea. .
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ortanoe of tha ‘ :

'me extrome . monetary and stmtegio value ofrthe X
in process in the K~25 end K-27 Plente demands that an
sntensive offort be mede to set up acccunting methods for
the T end ¥ handled by these plante that are as precise a8
popasible, The velidity of jJudgments of the performence of
4he plants during a givén pericd ie limited by the reli-
ability of the accounting presedurssz used. Judgnents of the
possibility that X may have Leexn illegelly diverted Irom

the ¥-25 ares during a given pe}ioé are Jimited by the precision

‘with whieh the unacsouwnted - . losses of X during the period

may be determined, the recoxds of the 'amount of unaccounited 1-ss of
X in earlier comparable periods, snd the degrse to vhich these
loszes can be certified to be legitimate (2.8., corrosion of
metals by UFg, eaeaped_.‘purge gases, spillage, ecc,v)

| During the wapr months, vwhen it was 1mp_o£€ant to rush
the plant into servioe, the refinements it onerating techaiques

which are required for seccursts materiel eccounting vwers tem-

'porarily diarega »ded. HNow that the plent is on a peace-itime basis,

with emphaais Oon oconomy of onerat‘ on, the establiehmant oft the most
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and ‘provisional ‘!ﬁt@ﬂal aocounting pro ires aro outlined, -As

subsequent steps in esteblishing  materlal mocounting system,
'the opsrating departments should draw up detailed accounting
prodedures dased on the provisional 'pi'o‘éé&ums of‘this i'eport
and should modify thesc procedures if proved desirable by practical
experience with them, in socordancs with the »princlples of this
raport. .
Bagause of the complexity of the K=-23 plant, the variety
of forme in which T and X are handled, snd the lsrge inventory of
T 'ax_zd_x in comperison with the dajly profivst rate, relisble accounting
fof thege m-terisls is an unuﬁually.difficult undertaking. Never-
theleas, this report d%monszrétes thaf such accounting is a feasible
undertaking and outlihes the principia;a end general procedures whioh
should be followed if a satisfactory material eccounting system is to

be developed.

3., Scope and Organization of Report

Secﬁon I summarizes the prinoii;al conclusions of this
repor? concerning the preqlsion possible '1n matorisl accounting,
-the procedures racommended for this purpose end the rreqnenéy with

whioh 1t 1s desireble that inventories snd msterisl balances be made.
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Section IIT 1ists the principal reconmmendatiorms of this
repeot concerning the nature and organization of future veork on
raterial accomtmé.

The remaining four sections of the report give the detailed
information on vz;xich Sections IT ené III are based., Sectlon IV
deseribes the {lov o T and X in the ciffusion plant and proposes
a flow sheet end terninolegy for deseriting all operations in
which T and X are stored end trznsfers of these matepials.

This Section answers the quesvicns:

(1) How shoild cectiobs of the plant be grouped
or brolien dowm for the purpose of taking
inventory of T end X? :

{(2) it what- points in the plant should accurate
nmeasurenents be mace of the flow of T and X
from ore section or departmerit to another?

Seetion V ansuwers the questions

(3) Tor whet rrours of operation should material

balaﬁces be evalﬁa_ted?

Section VI estleins how a material balance on the main
process can be uged to provide some information concerning the
rate of consunmption of process sas in the plant and lists additione
al information which s nesded for e rolisblr evaluction of the
consumption rate, The likelihood of illegal diversion of X from
the K25 area may be judged on the basis of all of this information
concerning consumpticn taken together,

| Section VII gives & detailed analysis of the precision

and accurq’xcy attainable in the most import:nt materisl balance,

o vt
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that on the main process, Ansuers are civen to the folloTing
guesticnss

(4) If verious degrees of rrecision and accuracy

of measmmept of flows, rressuwwred, OSSAyS, eteo
are.assumed, vhat uncertainty results in the main
process matezlal bzlance?

(5) That aééitionel work should be done to decroass

the uncertainty in the materdal balancs?

Tho answer tc question (4) together with the best current
guess of tbe ultimate reliability with vhich data can be obtainsd
for a material balance, provides a tentative estimate of the
uncertainty to be expected of the £inal materiel balance proceéure.
The ensver to questicn (5) indicates vhere future effort should '

be conrentrated to reduce the error in material balances.

It hes not been possible to make a complete ctudy of the
relisbility of all measmements entering the material balance,
nor has it been possible to review all operating procedm'es vhich
affect material accounting, with a view to inproving their reliability.
A progrer is ocutlined, in Section IIT, for extending the methods
of this report to an exhesustive analysis of all rrocedures and data,
‘This apalysis will require the services of several competent enginecers
and should prefersbly be made by those £inally to have responsibility
for the material balence, in éoopera'bion with the Frocess Analysis
Section, After the compietion of this work and the carrying ocut of.
several material balsnces, a better estimate of the relisbility of
the material balance will be pdssible. '
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Ssotion VIII recommends cerizin genoral features desirable .
in any m-terial acc;mmting system. vhich have beoome annerent from
the study of this renort. In sddition, partial recomuendstions.
are given concer;ing £he speoific procedures to be followsd in
somo of the individual moasurements required in material accountinge
Theae recomhendations are made as e gaide to the group who will have

¢he responsibility of draving up the deteiled material accounting

rrocedure,
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IT CORCLUSICKS
1- The materianl flow cheet, Figure A, bound in the reer of
thia rsport, shows the pattern proposed for describing the
3toroge cnd tranefer of T nnd X in the diffusion nlinant. The
Tectangles of this flow sheet represent the operations.to
which it is provosed all T end X inventory be agsigned. The
lings connecting rectangles reopresent the routes by vhich it
is pronoged that all transfers of T end X be described. The
serninology ead numbering code of <t ig flow sheet are used

consistently throughout the report.

B Mstericsl balances may be advantsgeously computed for
six portions of the plants

(1) Overall Z&‘Interiﬂl Pslance for entire plant

{2) Main process matenal brlance

{2) lsboratory mr-:terial balance

{4) Conversion department material bolance

(5) Coded chemicsnls matertal bilence

(6) Spent cnrbon znd alumina meterial balence.

The boundary of the process ersa material bulance, the most-

inportant area, 1is jindicn'ted by $he hesvy, full line of Figurs A..

S Possible diversion of X from the maln process andéd consumption-

ot TEE by plant surfaces may be particlly evaluated f£rom unaccounted: cm’

losses of the main process material balence by the following equati
piversiond Consumption =  "Unexplained Losses® =

Unaccounted Losses ¢ X rscovered from Process Equipment. .

e .
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The emount of consumption alone can be roughly ea:inéted from

laboratory rensurements of consumption rite or from the records

of the Dsesconteminntion snd Recorvery Dencrtment. A4 rore sccurste

estin=te cnn be obtnined by removing 211 the equipment of

geveral normal cslls(ra.nd —nking n crreful snalysis of the T

deposit.ed in 1t. The reletive amounts of diversion snd consump-

tion canm be estimniad from the ratio of the unexplained loss of

X %o the unexplainsi loss of T.

4~ Aa anelysis ic mnde of .the reliability of material balesnces

on T -rd X in the msin nrocess srea of the K-25 plant slone. The
‘ anelysis 18 indicetive of the relisbility for the combined E~25

and K-27 plents, cnd mey be.readily extended to them. Table I

lists zssumptions made concerning the ‘number of reveated mees-

urements and the precision or accuracy of individual méasurements

of the wmore important quantitiss entering the main orocess .

material balence.

.5-» from this analysis, it is concluded that the chrnge in

T $nverntory from ths beginning of ¢ materiel bzlunce period

to the end is 95% certein to lie z-:ithin 434 kgm. of the correct

value, and the chenge in X=inventory within #0.9 kgm. of “the

correct vealue, sven thoﬁgh individusl inventories cannot® 'be» de-

termined with this sccuracy. The 1nmtory_ of sections 300 and

600 is sbout 20,000 kgm. T snd 200 kgm X. These uncertainties in.
‘, the chénge in inventory set ; lower limit to the uncertainty of* |

the materiel brlnnce, even when there is no uncerteinty in the
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messurement of the amount of T ané X trznsferred in feed, oroduct
ané weste streams.

6= When bo%h random and systemstic errors in the mansurenent

of smounts of T in feed, product ~nd vaste sirecms sre taken into
account, 38 uncertainty in the total loss of T will devend on the
durstion of the meterial berlance ~eriod, 28 {1luatrated in Figure
1. Tor neriods of time under IC deys, most of the uncertainty is-
édus to uwucertainty in inventory. For longer veriods of time the
uncertainty in T-streams 18 also & Ifactor, Pigure 2 illustrates
the uncertainty in the daily rate ol loss of T evaluated from the-
Te-material balsﬁ-ce. It 45 not possible at present to give & ¢ '
»gliable estimate _or +the drily rete of loss of T to be expected in:
materinl bolances. It is believed that the loss is not less than.
2 kgm. T/dny, or greater than 20 kea. T/dsy. If ths higher rate
1g found, it cen be evalusted within 10% by using materinl balsnce .
periods.lcnger-t}mn 18 days. The uncertainty in daily rate of “loss
of T can be made nracticelly negligible cfler material accounting
h~s been in effect loziger than one year.

V- The uncertainty in the mmte of loss of X cannot be made
negligible by extending the period of material ~ccounting, beczuse-
:th.e X sssay of feed, nroduct and waste will probably' be affected.
by smnll éstemnticA errors, or blases. Figure 3 illustrates the-
uwmcertainty in the rate of loss of X for various essumntions con=-

cerning bias in assays and. various material bslnnce veriods. With:

presen't' estimated biases, the uncertninty in rate of loss of X.

shown in Curve I, connot be re'duced‘to less then 40.085 kem. X/day;
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and there is little sdvaniage in extending the material belsnce
veriod bey-ond 30 .da-ys. If the bizs in Z~-essay is reduced to an
extent believeg nttninable efter » —wodernte amount of additidnal
research, the wcertainty in m™te of loss of X, shown in Curve III,
can be reduced to ¥ 0.02 kgn. X/day, by using s meteriel balence
period of 100 days. The adviniuges to be giined in raducing the
eatinmz;ed present birs in X-assey i3 clenr. It iz believed that
the deily rate of loss or X is not less than 0.04 kegm.X/dsy, or-
greater than 0.40 kgm.X/day. If & 7alue townrd the upper end of-
this range is found, it will be immortant to invesilgate immediately’
‘ the possibility of unreported diversions. i
8« Figare 4 1llusirates the uncertainty in the total loas of XO
for various assumptioné concerning bias =nd wverious material balsnce-
periodé. ;’mtér one year, the uncertainty in the unaccounted loss
of X would be 31 kgm. for the estimtgd present biases nud 6 kpgm.
for the bizses belisved snttainable. |
Qo Fipgures 1, 2, 3 =2nd 4 mey be used to get & preferred duratimi:: -
of materiel bel-nce -eriod. If meterisl balemce veriods are too-
shért, uncertainties in inventory will make the daily rates of-lo88s.
very ufncertaﬁn. If the periods are too long, biases in assay may
obscure largs losses that occurred at one narticuler time vhich could!
have been found by more frequent meterial hfxie.lnces. The best pro--
cedure rppears to be to use a materiel balonce period a l;ttle )
“ shoi-ter then oné whic;h will give the desired certainty, and if the- N
Tesults for single neriods are too irregular, report results omly- Z =

for two or more single periocds evalusted es one longer period. Asz o




an arvitraxy ru%e, it 15 sugrested that materinl balances be
evalusted witk such freguency that the uncerteinty in the wm=-
pccourted reie of loss of vaor a single meriocd is twice the
unoerteinty atiteinable from & large number of weriods. Using

this eritzprion, material balsances should be evzlunted every

30 days if the bics in X-essay cen be reduced to the extent now
believed attoinable. Until the bias in X-sssay cnn be reduced,

e shorter vericd, such s 7 or 14 days, could be used with some
sdvantage, except for the diff'iculty of teking complete inventories
S0 frequeatly. Since i3 would be difficult to carry‘out &

complete inventory of the entire plent this frequently, it is ’
recommendad thet = materinl balnnce neriod of 4 weeks, or one

month, be adopted initially. Ixperience with the first bal=nces
evaiuzted for this period wi;l'in&icéte vhether the period should
be shorteaed or lengthened. Ii is fecli that the metericl balsnce-
period should not be extended grertly beyond thirty days beccuse. of”
the Tisk of nccidental spillege or other mishap which mny vitiete

the data obtained.
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TAELE I, bFart (a)

Surmaty of Assumpticns Underlylng Conclusions
o Relicbiliity of Haterisl Balances

Meacuremente o2 Inventories

Number of }leasurements Precision or:
par Inventory ACCuUTHCY

:mantity Measured

(95% Confidence Belt
on Single Measurement,
axcept where noted)

Cell Calibration Size 1 0 43% on average™™
Size 2 0 43% on average™™
Stze 3 0 +3% on avercge®™
Size 4 0 +5% on aversge*®
Rumber of Cells Onsiream 1. +0
Stage Tsils Pressures™ 2900 40.1 psia
Stnge Control Yalve Angle ‘ 2900 5% closed.
Stage Temperature 2900 +5° ¥ :
Cell %Ny .- 100 +10%
Cell £816 36 . Ao
Intercell Piping Prossurs 475 40.1 psia
Inter-building Piping Pressure 51 . +0.1 peia .
Sestion 600 Surge Drum Pressure- 1. +0.08 psia-
Section 600 Surge Drum Temperature 1 +5°F
Seetion 312 Stege Pressure 40 40.1 psia
Building X-Aseey (precision) A 2 per building +1.8%
Building X-Assay {accuracy) - 1.0%

*muis ig confidence belt om cell calibration used in calculating inventory,

this being the averzge of several calibration tests.
*%* 14 {5 essumed that the chenge in tails pressures between tWo inventoxry-

times does not-exceed 105,




TABIE I, Pert (b)

Summary of Assumptions Undarlying Conclusions

on Raliability of Materisl Belances

Measuremsnts of Tronefers

Tuantity Messured

Foad Drum “eight
Wasts Drum wieights
Product Drum Teights

Chomical Purity, Feed {%T)
Chemical Purity, ‘aste (£T)
“T in Spen’ Csrbon and Slumina
Fecd Drum X-~Assay

Waste Drum X-Agsgy

Prcduet Drum X-Assey

Number of Hecsurements Precision or-
pvsr Drum , JAccuracy

(95% Contidence:
Beslt on Single-

Mensurement)

2(full) 0.25%

2 {omoty) +0.25$
10{rull) | . +o.25$ ‘
2{oaty) 30.25%

2{ vl +0.25%

2(¢ mty) 30.25

1(Xorshew lot*) +0.1%

1 £0.1%
Ses Section VII, Part 14 -
1 $1.86%

6 F1.85%*

2 +1.8%%*

*One somple is submitted by Harshew for erch lot of feed. This

should be enalyzed 4 times to secure = precision of 0.05%. .

**These are precisions. Varioua assumptions concerning bias of feed,

waste and nroduct nssays are

listed in Figures 3 ~nd 4.
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III ZRECOINDATIONS

'

‘The princiral recuzuendnﬂan of this renort is thet a
reliatle materisl accounting system be set up ot the dirffusion
plont, so thet miferisl balznces for T nnd X mey be evslueted
with the lea’st practicable uncertzinty. A Trogrem to facillitate
estshlishment of such & sveter =né specific recommendstions wlhi.ch’
it is believed will improvres :ts relisbility =re described under
ﬁhe henéings:
1. Establishment of : -2 erinl iccounting System -
2. Sugeestions for fvsitemetizing ‘faterinl ;(;:counting.
3e Speﬁiel Procedures. : .

4, Additionnl Techniesl Studies to Imorove linterinl
- ‘ceounting System.

The recommendntions znd progrem renresont the views of
the Process Development Department only. They zre submitted as a
storting point for discussion end revision by the orerzting denartments

znd the laboratory, who will be »rimerily resvonsible for currring:

out the muterisl aceounting ~rocedures.

1. Establishment of = Msterial Accounting System

The most imnortent single f-etor in enéuring +he suecsss
of-a mnterinl accounting system is nrcper orgenization of personnel .
and methods for the work. The .ork stould be crrried out in sccordence
with & syst&nmt'ic alen und schedule, with all peréons involved followirg;

the seme set of formel instructions., The following sugrestions should*

be valusble in systemctizing m-terisl cccounting.




R

T

{a) Mutarisi sceyimnbing Seetion - LR agaricl cooumting

Sec*ion shoild be organized and chnTfed %ith the r-sponsibility of
setting un the meterici cceounting sretem. sumerTiging ite ownerstlion,
~nd :*c:vxor'b_..L izs resuitsa mhe ieciricnl stoff of t-is scotion should
pe composc i of chemic-l sngineers - aé seeonnt~uts. It snould consult
e
2rajquently -.ad work closaly with the Process Develonrens Denrrinent,

4e3 iyoecess Division od the Iarerntory.

{b) Ma2teriel fceounting STfice - Jeadjusrters oF s~is Sectilon

shouid be incated ix e moterinl _ceatriine o0 f4cw from iieh rntexrizl

acacunting nroczdurss

n

ouid be izszed, Lo wad ﬁ “he vesulis of
wntaricl nocounting messuremenis LY the omerating dzprriments ~rnd

tha ichoratory thold be forvmzdedl, ‘pd £rom ohieh officinl rencre

or viant inventor#, vislds ~nd moieriel b w-lance should bHe iszused.

{¢) Tlow Sheet ~nd Termizmology - 4 material flow sneet 'nd

terminology for deserining wrtayis i wrndling should de ~~~rocved
y

-nd ~donted by *he “laterial Aeeoun=ing Szation, he Bgoges Division,

ct

'y
O]
-t

sborntory ~nd ths Flont Menepemant. Fiew s twie reroxt ig oo

é

mn

(@) Detalleé Provisionzl Mawezimi %02 sunting Sroceiures -~ Tie

.
.

mrizripgl agccunting gection shouid Arntt det~iled nrovicicnazl -rozedurss

fcr ceeounting Tor mraterizl in eviT¥ O& .er1tioh 214 every ivansler

v~ h

+
i}
o]
rd
D
(]
Q
)
ot
(2]
)
=

.ne =nnroved Materizl Tlow Sheei. The rzspongitility”
for cnrrvine ous orch nroceiure s rould be znambiguously ecsigned %0
& speeific devortment, ~nd cgreemant concerning : ll details of the
ryoeeduse ehouid be reached br the demnrtment -nd the lnterisl “ceounting:

Seetion.

— S — — — -




fe) Trial cf Irocedur=s - These nrovisiomnl ~roceiures should

be tried £o> severnl muterial nelance rericds <o dstermine thelr

reliability =nd to learn uhers they could be simplified or imnroved.

<

The Tresults obtrined with -reovisiensl rrocedures should be reviewed

by the Froeess Dewelopmeni Denrriment ond recommend=tions mnde for

their revisicn.

{£) Revicion of Troszerurer -~ aftar this trinl period, finel
orocedures should be issuel cné mace the basis for the -ermanent
materinl sccounting systsm.

2. Suggistices for Svotour tizliag dMotverded Secovnting

(a) Iaventories - ‘i ilaterial ‘ccounting Section should opre-
peTe ané issue forms ahowirg nll informntion to te reccrded in ieking
inventory of esch operntion. “Me ususl preceutions in takifg
inventory should be observed 4o ensure that every containar is in=~-
ventoried once snd none twice. The Materisl fccounting Section'should
set the qzact time at which 1nventory is to be iz} en, nreferably at
four-weelk or one-month intervels. All vessels whose inventory camnot
be deterained directly should either be emptied before inventory
time or isolated at inventory time to permit disbhsrge 2nd analysis
of conteuts. Vessels shouid be isol=ted, inventory measurements
observed =nd inventory sammles taken as clpse 45 inventory time as
possible. .t the first invertory it is lmportent that all uninventor-
isble meteriels be ¢leaned out before the first period starts, or
carefully segregated from naterinls subsequently nrocessed.

{v) Trensfers - The ilsteriel ‘ccounting Section should prenare
and issue forms coufirming the shipment -nd receint of every transfer

of meterinl contaizing T, nnd Listirg =1l informition required con- .

cerning =sck transfer. Those forms chould be filled out end exchsnged




sant to the Materinl ‘ccounting
or cceidental losses should be ransriad
Szetion.

(¢} Samwplire -ad snelvsis -

£ shipping £nd rezeiviag

Laboratory for :nalysis, “hede should be agzompnnisd by

aaalvsis giving the eammple nusber, & dss
exnteled end the =nalysienl rosulis desir

feom the Loborntory siculd refer to U e

FYSS - . 2 ~ - o s -
#g rotericl semmled. Copies oF FRTUSETS

vie Neterisl Accounting Sectiom. The fe
shonid develcop mathods fex
comelete meverial vairsnce copnot be voTk

rve been rencried.

ordarly scvadn

crintion cf tasz =«

G, Renorvs of

+1e materinl, ~nd conias

of meverial

‘ecounting

{2

Rejussi for

cticn snd the Ludboratoxy

ling of -

ed up until =11

nelvses, Siace a
-

saelysss

Qther sugpest:ions fer svetemeilzirg netericl ~ccounting

[
11
4]

aiven in Sectiom VIII. -

2. 3pecific Procedures

maples IX ond ¥ of Ssetion VITX

suppested for éstermiring the T -nd X es

ard sawch inveatory given on the #rierie

’;—

of these procedurse ere recepitulatsd be

{a) Feed -~ Iach 3rum ghould ts w

surmerize sneailiz vroce

,
seceiztel

Fiow Sheet. The

lows

eighed twice belor

-1d twice sfier chzrging on 3cales with' 2 vrecision of -

asnole of

=

fzr T. A

orce for X.

.

each lot of feed zubmittad by Fars

~

<

duree

f, with esch transier

mo2 imnortzant

4%, The
haw should be snaiyzed

semnle of tle venor vhase of :ach drum shcu;d be rsanyed

ﬂ—-»——."r‘-




- X inventory.

I3l

4
(b) nste - Eech drum should be weighed twice before filling

and tea times sfter f£illing, on scales with e precision of 1/4a%.
The conten‘és of ecch drum sheuld be melted end agitrted and the
li'zuié. phage samnle’g, enzlyzed for T ‘and assrysd six times for X,
Further investigeticn mey meke it possidle to eliminate nelting
and egiteting drum conte--.. The present Section 630 weste scoum=
uletor sampling appsrstus shouid be given & ‘cria:l. .
{c) Product - TFor preliminsry records the w=eight of nrodﬁét
drums znd the sssay of th2 nrodult stroam determined st K~-26 may
be used, BDPeemsuse of *he iifficuliy cf securing. s representotive
saaple Bf product drum coxtents ad K~25, for officiel records, esch .

evlirder or beich of eyliaders should bs dissolved in a known v'eight of‘ '

water st 7~12, end = sample of $he solutiom returned to K—25~for T
and X enslysis. The nurbar of independen ennlyses per sample will .
devend on the number »f cylinders dissolved ver bateh, It would be h

t

desiratle for a K-25 weigh-master to der =2snonsible for weights of -

X~25 product obteined at Y-12.

(d) Cescnde .mventor - ¥orms end procedure for cascaue T and
LA

< snventories are bsing warked ur by the Frocess Development Dapart‘nent.

Two essays shculd be rus on the sampnle taken from esch building for- e

(e) Carbon nnd Aluminze Traps.- At each ipventory time, all

cerbon. and sTumine tr2ps should be dumpsd except thoss known %0
contrin less than 0.08 kxgn. X.

() Deoontzmin"'bion and Reecvery Devartments - ALL the 1' smd

X 4n the’ Deconte.minetmn ~nd Redovery Depertments at the end of

oA
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materiel bolance period should be converted to T oxidss before

' the departments sinrt nrocessing m-terirl from the next veriod.
%“hen the aboye procedures eall for revented weighings,

these should be st:ztisticslly indenendent. Thet is, ench. weigking

should be mede without knov:ledge'of. the results of prior weighings.

4, Additional Technical Studies to Improve Meterisl Sccounting System ~

The meterial sccounting meihods suggested in this report
hawe been dré'«n up without complete dats on t+he »recision of =ll1
tas principal measurements, without complete recommendations on
ecertain procedurss and without nreetical experience with some st
the operz;tions recormended. The f‘ollox'aing <echnicel studies =ro
reccrmended t0 supply most of these deflecisneciens

L

(a) Main Process Inventory - The Frocess bevelopment Department ‘

should issue forms for recording -1l measurements naeded in takiizg
inventory of the mnin and “urre angeades end the surge systems of

the K-25 ond K-27 plents. This demartment shoulé 2lso issue oper-
asional #nd computetional ",jroce:iu?es for this irventory. The cell
size factors should be determined with m orecisicn of #3% for sizes
1, 2 »nd 3 end {5% for size 4. The precision now end ultimately
sttainable in the calibretion of tail.s pressure recorders =nd control
val7e position indicetors chould be determinad.

(b} eisht of Feed, Product =nd ".aste - The precisicn end bias

of feed, product =nd waste scnles should be checked by cross-welghings

during cach materiel balance period.

() Product Anslysis - The rost reliable method of obteining &

represenfctive sample of vroduct ~nd determining 4%s T content =ppears . .

$0 be %o dissolve the contents of each cylinder or batch of cvlinders

4—-
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=T
in s known wiehgt of water st Y-12, end return sarples of the
solution to K-25 for nnelysis and assay. Procedures should be
worked out with Y—lB:.

(d) Feed Assay - ZEach feed drum should be sempled end
asseyed for X until the variebility of samples and assay has beenm -
determined, snd the X content of normel feed known to withint-_t_O.l‘,’o
of the true value. This may permit reduction in the number of

drums ultimntely to be snmpled and gssayed.

(e) %aste Sampling - A statisticnl analysis should be made

of the X assay of samples drewn from waste drums agitoted for

different periods of time, to dntermine the extent of agitation

& -
. ’ reyiired, if eny. . o '

{f) Sampling Carbon =nd Alumina - A stntistical study should:

be mrde of the reliesbility of procedures for ssmpling spent carbom
~nd alumina, as dischargsd. from traps, or in drums.

(g) Decontaminstion and Recoverx - A survey shoula be mado

of decontemination snd recovery operstions to detemine.how to -

secure' the meximnm smdunt of informntion concerning consumption

from these operetions.

{n}) cong_qgtion - The rate of consmnption ot T by plent surtaces
should 'be evaluated by examinotion of labor'atory data, by the °mount
of T recoversd in the decontamins tion of norml equipment end by~

snecial analyses of the T nm;mnt on no-mal equipnent taken out of

serviee specifically for this stuiv. ‘ T eSS k



to the combined K-25 and K-27 plants.

(3} Bias in Asssy - The laborstory should seek to reduce

the possible Sies in X-assay comparing feed, product nnd vaste
v:'ith synthetie mixtures of known assay made up from stripped
U-238 end highly concentrated U-233, from ¥-12. \

(x) U-234 Inventory - At least cne U-234 inventory of
the cascade should be made to defermine its value as & check

on T end X material balances.




1V. FIOW OF P A¥D Il IX THE LIFFUSICE PLANT

ctorial Flow Shest

Tlow Pettern - The f£irst step ‘rn setting up precsdures for
accorating for T "and X in the ¢iffusicn plant is the establishnment
of a gpecific pattern for the ustorage and tmn:f'er of T and X
in all forms 1: the K~-25 and K<27 plante. The eét'ablis:'xment of
such a na‘atérn 48 difficult, ard somevhat arbitrary, becesuse
material handling procedures heve not al-ays been perfecily
ézfinise, and becouse T and X enpear in =o many different Zormu-
fup instance, solid TFG in cylinders, geseous TFS in process
oyuipneat, solid corrosion nroducts in sjuipment to be dezon~
4antnatad, analytical leborztory wastes, and spent carbon and
slumine. ’

The meterial flov sheet, Figure A, found at the
rear of this folder, represents the pattsrn proposed for de-
ecribving the storsge and transfer of T and X in $he K-25 and K-27
olants, for the purpose of the present material sccounting study.
2311 saibseguent discussion in this renort will be keyed to this
£low sheet. The flow sheet is slso offared ¢o the Engineax;ins.
Trocess, Maintenance and laboratory Divisions as e bvasis for
a}'utema‘c.ically routing materials in prdcesa and dascribing the
naterisls handled in the plant.

Overaticns - The rectaﬁglés shovn ir the flow sheat repreaent
the t2dividual operétiona into vkich it is pfo.;rc»aed that the 41f-
" fusion procsss be broken dowvn fcr materisl accounting purposes.

Eech operation has been givem & name snd =n identifying letter,

Tunning fron A t'rough Z end surplemented by AA, BB, CC, K&, and

KB, With eaéh oneration is associsted the storage of &8 dafinite

inventory of T and X, which will vary from time to time, and may

L4




occopionally s core. Tases onorotionc mast te so defined that

. . Ty R agiiy 1.3 AR A nd ¢ | e R b gy

231 T cnd X i vrocsss in 4he T-23 angd T-27 cres is listed, end
L3 2 ar Y - o~ - x b o~

“hat 1o T o X is Jicted mors ©hol OnCCe

Bach operction usel iz

e

aic report may be thourkt of as

Y

signifying cll meterisl handling or ctorezs stepe whiok moy be con~

¢

veniently growped intc o cinsie tnesst for walterinl sccounting
TUFDOSSS. An opercii-on ir ot 4o ho Shouzht of as consvituiing

- ‘ <Y 4 Er oA o e - EP - " — i
213 rotericl hendling cro~s -ceurrine 47 a parbicular cmell ares.

In Some €2333 6nC opoTn - will Insiwds a numbor of plant sress;
tn oihere, & number of cuivations will o Pouné in a given erea.

For instance, all progocs o-oraticns involving the hondling of

gasecus T’2’5 in the madz =nd purs? cagcozisz are fhouzht cf as e

siagle operation {Iten ¥}, oven thoush theee are ceattersé throughous

2 -

34 soperate procscs tuildings, Scetviocn SU0; 9 seperate bulldings,
ssation 430; Scetica €50 eni Soction 630. o this instance 1% is
necnssery %o comcelve of zll thoss buildings as e single coreration, -
bocauss of ths impossibility of acccunting éccurately Tor the flow
botuoer buildings. On the other kond, the decontaminastion of

equipment ond recovery of T from it in tho Conditioning Building is
rapreecnted by nine cporaticns, becauss it 4s convenient to classify
these £ispe in eccordancs vith the type of equipment being handled

end .the neturs of ths stecp, v.{hether dacontamination or recovery.

Trepaflal - The lincs corneoting ths reotangles of the flow

sheot reprosent the routes by which it is propoaed_,’:o deseribe the

tremefer of a1l T and X £rom one operation to another, for materizl
agcounting nurposes. TLach line has been given & name desoribing the

material 4ransferred by that routs, and an identifying number. With:

——- |
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czan routo iz sasociated the transfsr of & delinide zmount ¢l

T and X 12 & opeciPiod period of Yime. In some cassa, this
trangfer may tske place as a steady flow, in othare s o occeasicanl
chipmtpé of batéliss of materisl, and in others no natsrizl may

bo transferred for long psricds of timo. These routcc rmuatl Le 2o
dsfinesd that =11 matorisl transferrad £ronm one opesredion to mnother
ig includsd, and that no msterisl transfarred is countad mors then
tncse In cnge an opsretion 1is bjf_wpaessd iz o Yransfer o mntexisl,
gs f2r oxemple in direct shipment of cacesde vroduet without
intormedtete storage {opesration. B), tho transfor is 4o be assisned
$0 211 rcutes whiel would have btoem Tollowad If the cwzretlion had
2ot bLeen by-pzgssd, in thle cesge Routeg 1T endé S

Munerical Data -~ Tho numorical da%z givon in Tigurs A for cortain

oporaticns relfer to the spproximate inventory of T and X seszocistel
with thsse operatione on Ootober 31, 1945, The numerical date
given in Figurs A for trapefar of material by certaln routes rafer
to tho zpproximsate amount of T and X transfeorred from (etober 1

to Cctoher 31, 1945. Those &atz are cuppliceld nrimerily es e*s—:mplen
cf the relative importznces of tho differont operations axd trange
Pore. Since the date given on the flow sheet perteln %o Cetobar
1245, thay 4o not represent the K~-27 plant. 1Ia partizular, the
fata giver for 1temu‘18. 19, 28, 29, H and I actuelly relantao to
section GO0 of the =25 plaﬁt rather then to Ssotion 630 of tho K~27
plant, Dote have boan omitted cnly vhere significent measurements
of inventory or flow cannot bde made, for technicel reassons. An

azample is the inability to measure reliably the smount of T and

X ¢rensferred from Section 300 to the Conditioning Bullding with
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shs procedurc foo metericl acscuniini, DO L and X ocecounts cheunld

ve kept Tor the Ifexs of Tigme L T2 w0 ieh nunsricsl data are
nov SivToRe

o, kot - .- S . . P [ .
Tag roeicr ner vunfcr whr operaticns and trmnsfers

~™ o -“r 22 X o a

T ard W accounting is Lo s
mad® of 4hom in the rad-Tizl ooisounting mrocoqure ultimmtaly %2
= - ~ T S - P A o’a ey

e roeamnended. Thio LTIn Lonn Doz Yo ropgonsi

(1) To domemsimsie thrt icer erzTor 45 made by omliting

g and $renelfcre ¥hea

[}

T end X aceounic for thess cncretic
»7 atsampiing to insclude thel.

{2) To Ceseribe how these crersiions chould he troctsd at
matoriel cocountlag timsz to mininize the uncertainly cone-

tributod by thex to thc materizl balancse

Denartmenta-

Tho oporations revresenied in Figures A haove besn smuped iato
the Geoparitmente listod below, each enclossd by dzghed lines:

(1) Codcd Chasmicels

(2} Seetions 3CC cnd &0

(3) Lavoratory

(4) Spen; Carbor Storage

(5) ™alntensnoce Sorvices

(8) Recovery

(7) Conversion
™4ig classificatiop of opserations into depertments is in accordmnce
with the curren;t orgenization of the Process, Laboratory and Main-

tenance Ditisions of the E=28 plent. In tho metcrial scecoumbing




procedure recorronded in sgcticn VI, i¢ in assumad that each
dspartmsnt is __gesponaible for reporting the veight of naterial;
the T content end the X a?uay gtored in each of the operstione
within the department and transforred by each of 4he routes

wvhoso number falls within ths dspartment . For instence, 4he Coded
Chamicals Department would be rosvoneible for renorting the
inventory stored in Operatiocne A, B, U, D, B, Fend & epd the
transfsre of material by routes 1, 2, 3, 4, 5 6, 7, 11, 12, 13,
14, 15, 18, 17, 18 and 19. Blocke of sdjacent letters snd numbers
have been assigned to each dopartment, to f£acilitzle Z‘Loca’cion of

itens.

2, Description of Tlow, by Dapartmente

a, Coded Chemicsls @artmsnt
Por purposes of T and I materiel eccountizg the Codsd Chznmicals

Department 18 charged with the storegd of 8ll relatively pure
urazium compounds in the E~25 &roe. The cleszification proposed
tor these compounds znd the Tlow of matsriel of sach class 219
described in the following peragrapass

(A) Normsl Tfg. Nomel TFg {Code 616) 1is roceived (1) in

cylinders conteining ebout 500 pounde of tochnical grade TFg

of the isotopic content of nctural uysnium. Trom storags (&)
these cylinders are charged (11) to Section 300, Cylinders
containing small residual amounts of TFg are shipped (2) from

the area for refilling.

—-_—




(B) vaaste TT.. TFor nrosent ~udpczes waste is defined ae
.._5 =

ot ae

eny TTg 6087ing Gese them G.030 1. In Octoher, 19i8, waste
'I'Fs entered s’aormgé {pY, codhcr 2xom ti0 vaste atcumulatolr
of Secticn 800 118) or fras “he —-bils ifgusfaction umit .
attached to Buillding ¥-Zii~-i {ifi. The numerical dnta given
in the figure refor tc Y.t wrr> F conerailon. However, 2%

the present *ime, wasée :: SoTZRlLY IRT WO gstorage from the
Section 630 vaste ~counul-otoy.  Tos iorenas in Flesure & orefer
+o tue present tymt o CooTatiome B prosent, RO vaste ie
shivped from the -1 cnd H~-27 zaree o racycled from storegs
(B} to Sestion 30C or 400, ‘

(C) Dsploted TFs. TFor rrescat purnoses, depleted TFg 1s

defined as any TFg essaving from 0.E5 o 0.71% T. Receipts {3)
gre placed in storare {C) until fed (13) to Scction 300. All of
the deplsted TI!‘G now on haend cricinated as S~-50 waets.

(D) TEnriched TTs. Tariched TTg 18 dcfined as o2l g whoso

assay 1s between 0.71% X end that of current nfoduct. iaterials
entering storege (D) include cnricﬁed TFs converted from T cxides
at the K~25 erea {12) {ecods 1040), end receivte {4) of S-50
inventory end S-5C product (cods 234). In gddition storage

(D) contains some former K-25 nroduct {codes 1235, 1135, and

935) having & lower assay thanm currsnt product. ZInriched g

cascade feed is charged from storage to Section 300 {14).
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(E) Product TE. Froduct T¥, enters storege (2) as cascede pro-

¢uot {15) £rem seotion Z00 and is them shipped 2rors ¢he RK=2% area
{8).

(F} 1iscellaneous Shipments Ocoesionelly the K~-25 plant may be

asked to ship smll ciuantities of TPy for e=perimental pDUrposes.
The transzfer of guch misoellensous materials from Section 300

to Coded Chemicals is denoted by {16), storage in Coded Chem~
icals by (F) end shinments from the area LY (6).

(G) Roceipts of Nom-Volatil: Zhriched ¥ “he E~25 eToa has beem

receiving (7) enriched T from other arees im the Tollowing non~-
vyoletile forms: Y-12 4nventory or producd {code 1925) end green
salt. This matericl is charged fTom siorage (G) to the conversion
Departmeat (17}, whers it is convertod to TFg {code 1040).

In additicn‘ to these tronefers of T end X showm 1n Fieure A,
emnll smounts of these materials. will be shipped from the Coded
Chemicnl depertment {0 the enslytical laboratory acs samples %o
ve analyzed for T snd X. Those are ot shoon on $hs fiuw =hoet
tut should be included in eny materisl telanee,

It 1s possible to weigk ell of tlo trensfers of materlial Yo
and from the Coded Chemicals Dapariment.

Sections 300, 400, 600 snd 630.

These aeotioné constitute the main process areas of the K-25

and K~27 plants.

The inventory of T and X in these sections 413 assirned smong

3

the following operationss
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{Z) Seceticac €00 cnd £I0 £imal sesteme tnd Sostione Z0C mnd
- . T ’

400 main end :u:gg oty

(TN) ToS? Product SITTEOT, O pe el R-23. .
(TB) I=23 Wagie Siomage, VT bo fod T-27.

{H) Sestion B8I0 wozis mooumnloion

(1) YMcbile TPg Remerel ITLE

(L) Durge and reCoTITY TROUWD DUIDE

e o S v - T e eem

(11) Parge cnd rsoovery Soili VIEDS

K \ o - L A o-d — e 4 ~ cA

(31} Carbon wroms ol E30UICRS Lo, 0%, 600 andé €30.

(3) Alesine tropr of Seetion “T0.

The flow of ratorial o end fioh ¢hoce onorations yill beo ds~

gerived iz turn. ‘

{Z) Sectioac =20 rnd E00 lMaip end Purge Cageades rnd Sactlong
R =
600 cné 030 Sopgs SvsichSe

Oporatica (X} —cansis’cs of ©ll paris of Seotioas J00, £00,
200 end €39 in wnich gassous TTg 13 troated, with the czosptionm -
of the cold %rep purme and recdvery pyetems, The inventory of
thig pert of 4he plsnt has been 4armed ®Active Inﬁntory‘ by
vhe Opersting Control Dapa:_-tment. £11 these geogrsphically
separated varts of the plant have baen grouped together for
materiel oocoumting pixrposea beesuse of the impossibility of -
measuring the rate of flow of gaseous T!-B £rom one of these
perts to another vith sufficient precision for materiel cccounting

purposes. The inventory of this vart of the plant can be re~ I

liebly determined by volume calibrations end m-asurements of TF¢ -

pressures, temneratures, G-74 content, and asseys.
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T.‘?S iz troasferse
conteincre which can be scourately veishsd end sampicd 5p B

following routes:

Prom Coded Chemiccls
Normel TFg Casccde Feed (11)
Depleted ¥y Cascade Foch (13)
Enriched Tfg Cascade Fecd {12)

7o Coded Chamicals

Cascade ‘toduct (15)
#iscellaneous Ceacede Uithdravmls (16)

To Aralytical Ioboratory {0)

Leboretory Samples (2C)

Wy thir Sections 500, 400, 600 rnd SS0

-

=27 Product {204), to cr {rom storage (=)
E~25 Uagte (20B), to or trom storags (¥D)

Te =ddition to these trancfors, +hiel con be accuratsly
msesured, sompled emd aseeyed, ths followlng sreacfens U0 en
from Operetion {K), the medn rund purgs cerealcs end the £urge
systcms, ocour in such & form 1bat tho aroants of T aud X Yraneg-
formed connct be readily destzrminol.

Within Sections 300, 400, €}0 and 630

Condensed Szotion X30 Wacts (28)

T#e %o Moblile Tnit (29)

TFg fel to purge end I'OCOVCTY VACLUR puTpo (21}

TFg roturned from purge Gué Tocovery coli traps (23)

To oz £rom Cther Davartments

TFs Aischarged with oonditioning gases (41}

T shivped in Convericrs $0 be unpingged of
decontamtnated (40)

T poturned vith Tluorineial converiers.(43)

? ghipped iu conteminated diffusionzl equipment (50)

T patumed vith dsconteminnted diffusicral sguicment’ (53)

T present in contsminnted niecellemeous meterisls (70)

sspiiniatuti.”
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¥ateriale thus transferred mins bs proceansad furthsr before
4he T ené X in %hem can be rollebly eccounted fora. Subseguent
paregraphs diseribe the furiher vrosessing of these materials.

(H) Secticn 630 Waste Acsumilotor Condenssd Section 630 Vaste

(228) rana ino the Scotioz 8T0 Wasts Accumilators (2). ZIiquie

waste (18) iz drainod from Sie vasts scewilators into w%aste cylinders,

each holéing nbout 3000 pounds of Tfge NO sccurate measurcment can

bs made of the amount of TFz drainel from the wsste condenser, =md no.

reprogentative coon” can be cbieined of this streem deocauss Of

i¢s varying sozzosivion and indctarainate flow rate. Also, RO

sccurate meazursmsnt can be made cof the inventory of <the wasts

accumlatior, hacsusa 'hhs_ level indication 4z not sufficiently ‘

pracise; furthermors it has rot beed establishod thet s reprosen~ |

tative sampls czm bo daken of its contenis, Decause of the varying

waste compositicn and- ¢the sheence of mcans £2r egitating 1its contents&
To obtain e roliasble moesure of the smount of T and X with-

dpawn ‘f.'hﬁ\oug’a the waste acouzmlstors (H) it will thus be nsocsssary

to drein the sccumlators compl=tely at each material accounting

reriod, ond o weigh, ecempls end gnalyze the contents of each

drum of waste shippad (18) to‘ storagse.

{I) Fobils TFg Removal Unit In case the waste condenser {23)

18 not in operation, the mobile TPg removal unit (I) is used %o
Amthﬂraﬁ gasaous TPg of wsste composition from the bottom oastiresm-

cells of building K-402+1 (29). This TFg is compressed and lique-

£1ed, stored temporsrily in e dispeasing drum of the mobile unit end™

uliimately drained {12) into waste cylinders in the same memmer as

waste (18) from the Sestion 630 waste accumlatb:. Here, elso, no:
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cacurate measurement cmm be mede of she amount of TFg chargsd to the
mobile unit end no reprossns atme assay can be teikea of this atroam
bacause of its v;zr:ring? composition. HNo sccurate mesasurement cem
ha pade of -’;;hi TFg 1nv_antory of 4ths riobilo unit bsosuse the level
1ndication ia not sufficisntly rrecine, and no represontative sample
oan be taken of 1ts contents bacause of the varying waste compo-
sition snd the sbsencs of meens for sgitating its consents.

To obtair a reliabie measare of the arount of T and X
withfrewn thrcugh the mobile uwaid (I}, it will thus bo necessary
%o dprein t he unit completely a% sach materisl accounting period,
and to weigh, cample, end énal:;za the contents of each drum of
‘ waate shippad (19) to storage. ‘ )

(1) Purre and Recovery Vacuum Pumos

Gasee evecusted (£1) by purge and recovery syetem vacuum
pamps {L) contein varigble _emo:mts of TFg. The amount of Tand X
trarsforrad fyom the mein :and purge cascede and surge sratens i
¢ais wvay cannot be re;dily detzrmined, beceuse of the variable
ﬁ‘s oon%ent apd flow rete of tiaese gmsed. |

There are tvwo typeaa. of T ard X inventory present in purge and
THOOVErY Vacuus pumpss’

(1) T éissolved as such in nump oil.

(2) S5i1é T compounds present as dust and siundge in pumps,

nmist Tilters and pump oile

The inventory of dissolved TFg can be reduced to n iow value bty purgirg

the pumps with nitrogen at meterial recounting tires end can be
.\v o datermined by snalyzing £¢1tered sarmles of pump oil. A numerical

estimate of the inventory of dissolved TFg is given for Operation

{1) in Figure A.

—uimn——




The @ snd X invenory prescnt e3 sludge eannot be redused
ty purging the pmni:s and  caarot be accurately d stermined sxzcspt
Ty opuning and decopsaminanting She TINPB. Tri s matorial consiitutes
cne of the hidden losses of T, similar to the doposition of lower
T fiorides in the mein casceds. Like them it is one of the
stems constitating losszes of U and X 4o be ovalusted by material
valeznce on ¢ha process ared.

2 gnd X may leaye the SulgEe end Pecovery vacuum pumps in one
cf twWo wayss

Ag TFg fod 0 rofrigorated cold traps {22).
As gludge or disscived C-616 in contaminated
veouun pumps £ad oil {60) shipped %o llaintenance
Service for deccontamination.
7 pay be returned o purg?d znl rocOovery vacuum pumps in decon=
terinated vacuum PumpE and oii (63). None of those transfers
of T and X i& suzecerptible to sven approximate measuremond.
Ho relisble measurement of T¥g fed to refrigarated cold traps
{22) 1s possible bocetes of the widely verying rate of fiow
and T®g content of these gesol.

(M) DPurgs rnd Rocevery Cold Traps

_The inventory of varge ard recovery eold traps (M), consists
of ¢he solid TFg confensed ip them end reduced T flaorides.
Jnly the former materisl can be returned to the ~asceds (23) by
gaporization. The lettex conzists of hidden inventory like the
1ov:e: T fluorides depcsiteé in Seotions 300, 400, 600 and 630
and in vacuum pump sludge. A smell amount of TFg is lost from
refrigerated cold trzps {24) and (25), remaining uncondensed at

the temperﬁtura of the gases leaving the cold fraps. Gases




leaving cold traps flow either throuzh carbom traps {24) or slumina
trapa (25). i'he smeunt of T in tiese geses cmn be eatimated from
the toizl valume of nitroren {lowing through the cold traps and

the refrigerant temperature.

(§) Carbon Traps

Cardon Traps (N) are ussd to absord TFg f~om gases (24) vented
from cold .trapn in &1l aections of ¢the plent exoept at purge points
end in Sectioms 324, 305, 306 end 512, In eddition, TFg from e veriety
of types of process equipment may be vented dirgotly to cerbon ¢ raps
vwhen relief wvalves copem or egquipment is8 nurged. No relisble estimate -
of the amcunt of TFg thus trensferrsd to czrbon can te mads, because
of thre Aintemittant, variable character of the flow,

It nay be assumed that gases vented from carbon ¢raps (27)
contzin substantially no T?s provided taie carbon trap charges ere
renoved vhen tracs indicators show <hat absorption is. starting to be
incompleto. | -

An. gpproximate measure of the T inveutlory of scme carbom traps
{H) may be secured from the incresse in weight of these traps
durinz service. In other carbon trapa, an eonroximats wsasure of -
the T inventory oan bé secured by meens of gamms Tay absorption
measurenonts. HNeither of these msihods of deteramining T inventory is
regarded és re'liable-, éinée .b'otb. ere affeoted by other materials vhich
may be picked up ty the treps, such eg vacuum pump oil, and the gemmm -
Tay method mey be in error when the distribution of T throughout the
trap is not uniform.

The -amount of T and X present in spent carbon (30) discharged
from carbon traps cen be determined by édequate weighing, sampling end

anslysis of such materisls,
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(J) Alumine Treps

A% pmzsenf, gaces (25) vonted from cold traps al nurge
points and ir Scetions 304;, 375, 306 end 512 are passed through
alomina trapo, rathor than carbon traps, 4o abegorb traces of"
TFge Carbon %reps ars not being uscd at tosse points becausa
C-216 potentially present in These (;ases night react with carbon
%0 form sn erplosive comsound. A eruds ostimate of the amount
of T and X thus <T-reicrrsé to slumine trape can be secured from
the volume of geses ventsd end the cold trep refrigerant
temperaturs. .

o

The amount of T and X vented “rom alumina traps (26) .

osnnot be relistiy estimated at present, because recovery of-
TF¢ by alumina is not so complete es by carbon, and the factors
controlling tha dogrea of TOCOTOTY .aVe not been fully evaluated.
Gasoe vented from elunina treps (28) ¢us constitute one source
of loss of T and X, which, although smell, cannot now be
ovaluated, Ths z.css showz at this po;.nt in Figurs 1 was cstimated
by aseuming 70% recovery of TFg by alumina tTapse.

An approximato neaéura of the T inventory of alumine t>aps
(T) may be sccured Trom the increaso in welght of th=se traps
o.r by gemma Tay abso?ption measurcrmnts. Neither of thesge methods
of dotermining T inventory of zlumina trape is regarded as
relicble, foxr s=me reasone as with carbon traps.

The smount of T and X present in speat slumina (??4) dis~ .
charged from slumine traps; cen be determined by adequate weighing;

sempling snd enelysis of materials.




Co

Go

G-216 Dispoesal °lant

In the pa‘nt, from t4ms to time, en indeterminate smount
of TFg has been discharped with conditioning gases (41) from
Ssction 300 end pumped to the C-216 disposal tower, Kv—l&bﬁ (z).
This practics has been discontinued, possibly permerently, but
ias here noted bocsuse it constitutes one possidle indoterminnte

source of loss. 4th the colution of NaCEl now used in this tover,

most of the T and X pumped to it is péeoipi’cated and settles

_ out at various locations, thus meking necurate sampiing end.

materisl sccounting impossible. I TFG < to be pumped €O
K=1408 in the future, a solution of TasCox should be used in
plaos of NaOH, zo that the T will remein .1n zolution =nd be more
raadily accountsble.
Maintenence Services

For materisl ‘ac‘countin,g purpoacs, it is proposed that equip~
ment received by meintenencs sérvices for removal of T (decon-

temination) be classified as:

{50) Conterdnsted Diffucional Dequioment,
oonsisting of all equipment normaily uveed i the mein and

purge cascedes and the surgse systems {Cperation K). This
will incluée ell pumpe except Beach Russ pumds. piping,
valves, gat coclers, drums, 6%c., aad £ll diffasers :
except those to be reclaimed by fluorination. Fluorinated
converterr vhich must be further desontaminated (45) are
algo hendled by Maintenance Services.

(§0)__Contrminated Vacuum Pumps and 0il,

sonsigts of Beach Kuss pumps for C-616, cnd oil end

sludge £rom such pumps, from Sections 3CO and 400 purege
end recovery systems, Sesticn €20, Section 413, and mobile
¥ removal units.

(70) _Contsminated Miscellaneous Materisls from Sections
200, 400, 600 end 630, consistins of spillage, process
area gatherings, floor sweepings, dust from vent lines
end all other sources of T then those speoirically
enumerated.
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(80) Contemingted leboratory Tastes and Equipment,

oonaisting of ecrapped laboratory equipment, waste

solutions, end ®ll othsx T copiaining nateriels

discarded by the laboretory.

Pach of these types of materisl is cleaned of T (Docontaminated)
in operstioms (R), (T), (V) and (x), erd the decontamination solu-
t4ons end other materisls in which T is concentrated are transferred
to the Recovery Department for exirastion of T and X,

Whatever the przsent ctractice of the Maintenance end Recovery
Departmants, it is desirzhlc 4-a% cach of the four types of con=-
taminated materiad ({50}, {69}, (70) cnd (20)) bs processed sep-

arately through the pointz whers the racovered T ozidas are weighed

end sampled ({32), (62}, (72) end (82))., This is recommanded so that

the T end X recovered may be pronorly credited %o the four types of-
material entéring Maintensnce Services for decontamination.
Meintenancs Services will return &ome decniominated diffusional

aquipmenf {53) containing sn indeterminate emount of T end X %o
Sections 300, 400, 600 or 630 and will oc%sion'_ally serap somo
d4ffusionel equipmsnt {54)., In the case of oguipment %o be scrapped,
1% 13 important for materiesl accounting ™urposss that all dciestable
traces of T be removed from such equipment. Simnarly some de-
conteminated vecuum pumps and oil (63) will ds returned to purge and
recovery systems, and some will be sorapped (64). Complete recovery
of T from such scrabpod pumps is also imeratiﬁ..
Anmvgy_ Department '

' The Recovery Devartment redeives from the HMaintenance Services

Devartment decontamination soluticns from four types of materiel.
(51) TFrom diffusionel equipmemt.:

(61) From veouum pumps end oil.

"




{71} From miscellesmeous msterials.
(81) B‘rom~ lsboratory vestes snd equirment.
These decontemination soluticns consist of vashings, scrapings
dﬁsep ge¢iment, and a1l other forms in which T aad X ars r=moved
from egquipment Cocontaminnted by Malntenance Services. Because
of the heterogenous and miscellencous character of thase solutions,
1% is probable that they canmno? be reliably sampled nt these points.
In the Recovery Departnent, each of these types of decontamination
solutiop should be procecsed separaiely, end the T and X concentrated
and recovered ir s form vhich can bs readily weighed, earpled and
‘ anelyzod, such ec T oxides. After sampling, these T ‘oxides are
acmbined end shipped %o the Conversion Depertment for conversion
%o TFg. The four types of T oxites prepared dr the Recovery
Dabartment sre:

{52) T oxides from diffusional equipment.

{62) T oxides from vacuum pumas mmd cil.

(72} T oxides from miscsllaﬁeous meteriale,

{(82) T oxides from labcratory wastes,

Material iz each of thees four recovery lines should be kept
separate uwntil the T ozi;!es kave beon weighed end sampled, so that
the proper amount of T may be sredited to each of %he sources from.

‘which the Ma:’.nténanoe end Racovery Departméﬁta receive T.
The Racovery Department alsb racovers T by diresot {luorination-

of oonverters. Conteminated converters to be fluorinated {20)

are received from Sections 3CO or 400 {K) end fluorinated (Q) to unplug.

the barrier tubes and render the converter suitable for reuse in-
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the caccade. TFg preineel iz $hic operation (42) is weighed,
pampled, ass&yedizcn:’ained vita othar Wy sonvertod in the K=25
frea {12), end seat to The Coled Chasmicais Deparvments Fluor-
snated converters (43), £rom the T 1orinction operation ere
returncd to Sestisms 3CT 6 AC8 12 %She7y are suisable for rUs9.
T¢ thet e re not esuitablis Zor Teuls ené sontain no more T, they
are serapped (42}, I oy &Te s.o% sultabie for rsusg, but still
contein T, they much 0% Gocontaminadad like other jierusional

oquipmont, in cperulicl {2}, Za thls enge, o gonvertsrs may

pe coasidered chirped o Mailntenonds serrices by route {45).
P

Zaboratory - : .

Insemch ag crovad 200 grems of ¥ nzr month ars ghipped to

+he laboratory (C) in latoratory cemplee (20), it is desirable
shet an spprorimeie re;ord be kep$ of tha wedght of every gample
received by ths Iuborator¥e vhez 4+hsge samples have been snalyzed
and assayed, it vill be posgible o computbe the amount of T and i"
present in sll meserial shipred %o the laboratorye.

The {low sheot indlcatesn that the ledoratolry reoeivad ssmples-
only from Secticms 300, 400 600 =nd 630 (Operation (K)); most of~
zhe X entering thoe laboratory <0ms8 fror this source, However,
amall smourts of “{will also be recaived in samples from many o>
the other numbercd snd lettered points in the Figure.

Cutgeing materiel from the lsboratory consists nrimarily of”

waptes solutions end scrapped squipment. In the floweheet, it has '

boen essumed thet these will be dsconteminated by Msintenance

Services end the T recovered by the Recovery Devartmento It is-
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posasidble that much of the decontamination will be done in the
laborztory and that some solutions will be shipped direetly to
the Recovery Dspartment, operastion (D).

ge Svent Carbon end Alumina Storage

1ike the Coded Chemicals Deopariment, espent Carben and
Alumine Storsge sc¢ts only ee a shipping, recsiving and storapge
depertment, end does not process T and X. 1I%ts only receiptis are
cpent alumina (34) from Seetion 300 and speat carbom {30) from
Seetions 300, 400, 600 end 630, Receipts of this chareoter should
be weighed and sampled by nrocedures proved reliebls.
‘ From Storege (P) spent Carbcm and Alumina may be shipped by
one of thrss routes:
(1) At present, all spent carbon contsining less than the
neturel assey (0.725) of X is ghipped {32) out of the:
acoounting area to deed storage. .
(2) Some of the spent carbon snd alumina containlng more
thsn the nstursl assay of X is shipped off the K-25
area (33) for recovery of T and X,
(3) The balance of the spent carbon and nlumina containing -
more then the nstural assay of X is shipped (31) to
i the Conversion Department for Recovery of T and Conversion
tO TFG.
h. Conversion Dapartment

The Conversion Depertment receives threo types of material .

e e v e e e W

for conversion to TFgt

'.}'"‘o?das»rm the Recovery Department (52), (62), {72) and
i 782 . . )
. N Spent carbon and elumina (31) from Spent Carbon and Alumina
~ Storage, and :

Non-volatile T (17) from the Coded Chemicels Department.

faRnsm——




Because the conversion viold ZIrom each of these types of material
may’be dirfere;xt, 14 35 surpested thet each bo processed separately |
by ths Conversion Deverimsn?, as followss

Recove;d T oxides, operaticm (M),

Spent carbom znd slumina, operation (EB).

Nom~volatile T frox Coieé Chemicals, operation (CC).
TFg propersd by these threc opecreiione is @Goseridbod as:

TFg from Rescrorsd T Omides {31)

TFg f¥om Spct Jawden and Alumtne {(22)

TFg Zrom Hon Tolatile T Recsipté (93).
These separate sourcss of Tfg are combined as T7g cc;nrerted et ‘

K-2% Area {12) end shippedé to the Coded Chemicals Department.




Y. GROUDPING OF OPERATIONS FOR MWTIRIAL BATANCT

1. ZIntreducion

The grouw:sing of operatiomns for riaterizl belarce nurnoses
ruct take into gécount thg two mein purposcs for ecteblishment of
the materiel accoun:ing system: Pc provide en seccunt of ell
raterinl committed 3o the X-28 Area, so thet illegel diversion of
% in smounis cxceciiag 8 soeoified quantity will not @O undatected;
and to estimese the losses of T saé X within the mai:-.'nrocesa, g0
that plant merformande and the corrosion pronerties of materials
of construction can De better evalvated., Cther purposes are the

‘ svaluation and localiization of losses within gpecifio dcpertments.

Of the nany individual operations or groups of onerstions

shown in Figuzs A for which materisl brlances msy in .theory be
ocvaluatsd, only e ¥ can be used in practice. This is nrinmarily
a consequsnos of the faot that reliable moterial belances cannot
ne avalusnted vhen thare ere one or more Tculss to or from a group N
of operations for which the amount of material trapsferred canno®
bs acsurmtely determnrinede.

The purpose of thip Sestion is %o quggest a grouping
of operations for wiich reliable‘material valances may te evaluated,
which it is thougat will p;-bvide adequete knowlsdge of the nature-
and locstion of losuns without requiring =n excessive number.oi'

individosl balences. It 1s sugrested that the following material

‘ balances be computed:

L ¥




Overall llaterinld Dalonce

Main Procese Laterizi Zelaonce

Laboratory ligheriel Bzlance

Conversion Depariment Licterisl Salance

Cocded Chemicais [lsteriaZ Ealance

Spent C&r’oon end Aluminz ilaverial Dalance
2, Overell lMaterdnl Fodsnmer

The overall mcierisl balance ¢n the extire group of
operasions of the K-25 and I-27 plants evaluetes all. losses from
these plants, and Is %iny Imporiant as & general cheek on
operations. Since mo inicrmatlion 1s provided concerning the
distribution of these -oscet smeng the various operations :.md
departments, such & mzisrial balance obviously must be supplee
mented by move cotailed bolancss on less extensive portions of
the plant.

The followins quantities enter the overall material

balgnees

The inventory of a1l plant operations at the
beginaing and enéd of the material balance rericd

The amouat of naiterinl transferred during the
material balarce pericd by the follouing routsss

(a) Trgrsfors vhick cen be accurately ve

gampled anc_on plygzed

rhed

(1; Recelipts of normal TFg
(2) ~ Peed cylindGer residves
(3) FRecsipts of depleted TFg
(4) Teceipts of enriched TFg
(5) TFroduct shipments
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(6) lMiacellanscus chipments
{7) Yon~volatils T reeoipts
{32) =n:d {33) Spent cszdon

[

{p) Trensfers aseuned ¢o contein no T

(27) TXg irom carbon traps
{4¢), {54) cna {64) Sorappsd cquipmemt

{e¢) Trensfors of amall smcunts of T vhich cepnot be
accurately deserminod

{(28) TPg from alumina $Taps

To 2in Proeesa linterial Balsepce

Theo por’sicn of %he plant for vhich o material balazes will

iws 4ha most velueble nrocess infommetiom conzisis of thost poriionm

3

of Sno%ioms 300, 400, €00 end €30 handling gnsecus TFg. It is poodable

thet ¢hs prineipal uncoccunted lossos of T ~ad X will ba Jovnd in this
part of %the plant, becnuss of “oomsumptica®, ths reduction of TF, o
nom-volatile T fluworides by reaction of TFg with plant surfacas. Lososs
Trom other cauvges will also oecscur inm this pert of the piant, tut
reduation of Tfg Wil be the prineipsl cnc. A materisl balauce or..

tais part of the vlant vill, thersfors, set am uppor limx® to the

atc of raduction of TTg by metel surfacss, provided the corroctiions
daseribed io Seoctlomn VI &re spnlied.

To minimize othor causes of loss than redustics. of TFG, it
vould ﬁa @zgirable to irnclude only the maim and purge ocecadae ond the
serze systems of T-25 end K=27 plants {(Operation K) in the Haia

. 'Process Taterial Balance. Unfortunctely, 2 lerger number of opsrations

Rl rmot be uscd, becauge many of the transfers 1:6 or from Operation K~

camnot be eccurately messurdd. Such transfers includes

-
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{21) TFg fed to Furgs ani Rscovery Vacuum Pumps

(23) TFg returned to Cescnde f£rom Cold Traps

{28) Conden;ad Scction €30 Taste

{29) TFg to Mobile Unit

(40) T!shjv.n Contaminnted Converters, etc.
From ¢he discussion of the proceding Soction 1t has been concluded
that 1% {8 necessary toc group sil %he operations within the heavy
80114 1ins of Figure &4 to permit evaluation of a reliable material
balance.on fhs lain Trocsss. Thle ic wmfortunate, bscouse the ﬁn—
accounted losses resultins from suck o mederial balence will also
include reduotion of g in vacwm pumps and cold traps, losses in

decontamination and recovery' operations and losses from carbom and

alumina traps, besides the reduction of TFg in procoss cquipment,
the quantity of greatost intercat, Howsver, if the boundary of the
Tregick over which the Main Process Matorial Belanoce is taken were
. %o be contracted from thet given in the Figure, it #zonld cut cne
or more transfers vhich could not be relisbly evalusted, so that
there would be a lerge error in the unaccounted loss ewsluated by~
the ctorisl balence. In effect, it 185 considered preforable that
thi 8 unaccounted loss be known sg reliafoly as possible, even though

1% includes several causes of loss besidss the one of greastest

interest, rather them that it be inaccurately known and include
fower causes of loass. B
4. laboratory Material Balence
The primary object of the laboratory material balence i= to ‘
e determine how mmuch of the T and X shipped to the lsboratory for T
enalysis and X aseay is recovered and returned to the rrocess,. This

is done by grouping the following operaticns:

il
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(0} Izboratory

(X) . Zzcontamination of Laboratory Vagtes snd Fguipment

(Y} lscovery of T froam Iaboratory lestes end Equipment
end determining thy transfers %o tha loboratory by route (20) and
the recovery of T orides from isboratory wastes by route (52).

8. Conversion Depurtment laterial Bslence

Operesions (AA), (BB} and (CC) are grouved for the
Convorsion Dopertment lMsterial Balaacs,

The p:rimary objeot of the Ccnversion Dspartment
ilaterial Balenos i to determire how much of tho ncn~volatile

T and X concentrate shipped to this department is converted %o

TFg which mey bs raturned $0 the main process. lLaterizl belences

on these onerations may be for eack operation (AA), (BB}, or (CC)
in@ividually, or fc» all threg of them together., The latter will.
probebly ba 4he more useful balanes; the rsgion ovar vhich the
zalance is taken is: “hem idontical with {hat showa for Shs :
Conversion Davartment im Figure A.

6. Coded Chemicale lieterial Belance:

The rrimary function of the Coded Chemiceis Department
| ig the storage of rslatively oure T compounds, This department
oes ﬁot proeocss TF3; or convert one T compound into snother. Itz
may, however, transisr maferial from one containsr to enother, or-
Teweigh or reenalyzs contsiners, so that o materisl balence om:
. ite operations is also importemnt.
o Operations grouped for this material balence include
gll shown in Figure A withir the Coded Chemicale Dopsrtment and two

storsge operations ¢f Seetions 300 ard

-t
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{FA) K~27 Product Siorcgs 40 Be Ted K-83

{FB) X-28 %acte Stcrams 45 Be Fel T2

7. Snemt Carbon and Llumine Moterial Bsleose

I4ke ¢tho Codad Ghemicsls Daporiment, the Speav Cartod
and Aluaine Storogs Donzaiont 4o noimadily conccraed with etonags
of thagce pgrticulcr nassTinlo, Lovevsr, & material bolzned on
140 opezationg ic elec (ozfizabls, Bocause of possibtic lcascs

Guing hondling ool wootintning Aecses aTizing from reecrpling

The moberiel beiznge vill be talen over the rssiad

-

-~ -~ Lot [ R . 1 <2 e ~—
ansicned %0 ths Spexs Crrbon end Alumine Stcrags Deperincat,
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¥i. SIGIIFICANCE OF MAIN PROCESS MATEREAL BALANCES
GONSUMPTION AND DIVERSICH

The two most smportent possible causes of Gisanpearense.
of T end X within the mein process naterial balance envelope
are 4he “consumption® of Tlg by plent surfaces and the unreported
adivercion of T end X from this part of ths plante. Bach of these
esuses will have sn effect cn the vaaccounted loss of X evainvated
from the main protsco material balsnce, but neither cen be direcily

cveliunated from the loss without other informatica or assumptiond.

The purpose of this Section is to discusa consumption and diversion,thelr
ingerrolation, sad methods for eveluating them from the main procees
matorisl balence.
When the main procees meterial balancs cnvelope is drawn
as indicated ir Figure A, the vnaccounted loss of T or X 1s made
up of the terme givem’ in the following equatlon:
Upeccounted loss = Unpeported civersion
+Consumption in Sseticn 300, 400, €00 and 630 -
+ Consumption in Vecuun pumps end Cold Trops
+Iosses in Vent Gases (26) and (27}
‘+loeses in Dzcontamination or Recovary Departmsnts
$Umecarered iy or other gecidents
~TFg recovered from converters (22)
- TFg Tecoversd from diffusicnal cquipment (52)
and veouum pumps and oil (s2)

In thip equation 1%t ig essumed that all measurabls chanses.‘
in invenfcry hewe been included in the material balenos. For
exerple, 1t ig essumed that chengos in inventory in the Hobile s
Rsmovel Unit {I), the waste accummlator (H) end Cold Trep (M) are-
properly evaluated by the procedures outlined ia Section VIII, that
vacuum pumps (L) are purged and carbon traps (N) end alwaina traps
(T) ere dumped at the beginning ant end of the period, snd that

the inventory of ¢hs deconteminetion end recovery depertments 18-
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ovalucted as aoeerided im Seotics VIIL.

The f1rst three tarms of Shio equation are of primary
interest in the present dissussicn. Estimation or evaluation
of the remaining terme is evidently o necessary step to determin-
ing the com of the Zirst three or tholr individual values.

losses in vent gases should bo kept negligibly smmil,
if possible, bF :the use of sdgualely sized earvom or siumina
$raps end $racs indisstors ¢ £iow vhsn these trapas are degianing
%0 pass sigmificant coounto of T or K. If 1% is impomsible to
Itsep these losses nzzgligitly cmall, the totel emount of gas
purged through each ¢rap should e measured by & gas meter snd
8 rough estimate should bs made of the T snd X content of the

vant gases by trace iadicators, apace recordsrs or other su‘i_.tablo

aaalytical dovicas.

Pmoesses in the decontsminetion and recovery devartments

should glve substeriially complete® cccountability of T md X,

It ie dosirable bot not cssentisl, that the useful rscovery of”

T end X as T ozide be 100%. In ony ovent it saculd be possidle.

to mho%w where sll the T and X goo8. Ocoasional calibration of”
these procccses by rutiing through known emounts of T is desirsble.
Damonstrated losses of T and X may then be used o ewvalusts the.
£if£t%h term of the foregoing equation.

If unregoversd apills or other eccidental losses of”




T end X occurs, 4hey snould be reported to ths neterial sccounting
office and %the Best possidle estimate of the zmount lost shoulé
bé mnde and uoed for the sixth term of the eguation. .

T¥s Facovered from converters, diffusicnal equipment
and vacuum pumps cem be detgmined from sransfors (42), {(32) and
{62) frem the recovery department. These tranefers will bs

lnzgest vhen & large emownt of squipment wilch has beon on stream

®or ¢ long %ime is shipped from the cascads for decontemination.

and vwhen a high dogree of Tecovery of T is seccred in the decon~
temination operation. If consumption and possidle diversion

' proceed at » steady rate, the maccounted loszes will ‘be lovest,.
or sven negative, vhen the decontamination and resovery d epartments
grs moat active and eff;ciento

If losces in vent geeesz, the dmscontaminasion and rocovery
department eng unrecov;aréd £pills are negligitle, or have bgen
allowed fopr, the foregoing equstion may bs rewrittens
Possible unreported diversions

-~ Consumption in Ssotions
300, 400, 600 and 630

-4+ Consumption in Vacuum
Pumps and Cold Traps =

Unsxpleined losses of T{orX) Unaccounted losses of T{orX)

]

-+ '.‘L‘!‘s raported in trensfers
(42), (52) end (62).

. Thus, a definite procedure is available for evaeluating
the sum of possible divaraidn and consumption, vhichk will hereafter:
be called ™unexnisined losses®. . To distinguish botween them,

Turther informesticen i8 necessaIye
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tiormal ceonsumpiion procesds at a steady rate. However,
if a leak of wet air occcurs or if extecrnal mechanical friction
develops, as titg & rubbed impeller, the consumption rate locally
mey be greatly increasacd. Reports of such occurrences should be
sert the nmaterial accounting office, so that a temporary increase
in consumption may be exvected und expleined. dxcept where such
abnormal consumpticn cccurs, "unexplained losses” should be
relatively steady, if there are no civersions. If these losses
vary excessively, oy ar smount greaster than can be explained
by the imprecision = ihe meterial balance and possible unreported
losses, the existence of & diversion varying in amount from one
material balance psriod to the next may be suspected. Un the
other hand, a steady value for the "unexplained losses" is not | .
sufficient evidence of non-diversicn, because a clever psrson
would try to take the same amount each pericd and thus escape
detection in this way. - Thus, all that can be said with certainty
is that if the "unexplained losses" are éteady, they set an
upper limit for the rate of diversiqn plus the rate of consumption.
Acditional information is needed to distinguish between the two,

This may be supplied in part by attempting more direct:
measurenents of consumption and in part by the apparent concen--
tration of X in the "unaxplained losses',

Three methods of measuring consumption more directly than

by material balance are available; all should be used. One is the

measurement cof consumption of fF6 by small samples of plant materials:

in the laboratory. A large mass of data of this character is avail-—-

L]

ables but it is difficult to interpret because the materials are-not: _

identical with plant materials and the conditions of exposure,
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particularly the f£low of gases and the concsntration of contam~

inants, differ between plant end laboratory. The aocond method

18 by inference from the smount of T recovered in the decontamination

and rocovery dspartments fvom the usual run of equipment down for

repair. For this purpose, recoxds should be kept of t‘ne nature of

gll equipmant deesnteminatsd in each bateh, the length of time

end the part of the plant in. which 1% was exposed to TTg, end any

unugusl circumstances connscted vith its gervice, vhich might

make 1% not representative of the rate of consumption. Thie

mathod is ept to be migleading, because equipment removed from

the cascade for repeir may well have experienced en sbnormally

high consumption rate end each type of equipment will not be

removed in proportion to tho pumber installed in the cascades
The greater the number of c;asaes into which equipment to be

doo‘ontaminat_sd is seémgaixed. and the more detailed the records

kep% by the decontamination end recovery departments, the more
useful will be the infommstion secured by this method. Tho
olasniﬁoation‘of material smd equipment to be deconteninated into
the four groups noted in Figure A 18 only the minimm useful
degree ot claasirieationo |

Tho thira method is by removing all the- aquipm ent of several

normal oells vhich have been operated under known conditimu and

by meking & careful analygii of the T devosited in this equipment.
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After data of thess thres types have bean colletted and studied,’

a feirly relisblé estimnte or the losses of T and X can be made.

If the differcnce between the estimates snd the "unexplained 1osaes\"
oxceeds the precision of these quentities with statistical sig-- TR

nifiocesnce, unreported diversion may be suupeotea.. _

The spperent concentration of X in tha "\metplained 103803"‘

T

(1.@., the ratic of the X losses to the T 105533) cen be cstimted‘
from lahoratory consumption data, recovery date, and estimates ot:

plent surfaces with greater precision then the actual mgutndoi"

. of the losses themselves. If the ratio obtained by material bal-
ence differs with statistical significence from the nrecuctad ratio."'
diversion will be suspscted, It will be noted that a_diverter%'

cannot restore X or- low purify to the pl‘a.nt in order t§ covg‘x‘ up

diversion of high purity without greatly increasing the ratio of™

X loss to T loss. . | ' .’

1% should ba noted tha$ the diversion of material from

the raeovery end decontamination operationn is particnlarly hard-'-
to detect,. The meterial entering theso operations during a gim
 material balance period has largely already been reported as em-
| "unoxplainad logs™ in earlier mateﬁalbelanoo i:er!.ods; this-
material has already droppod mm ‘the sight of tha materlal y
accounttns syatm. It is racovered. and repcrted in transrerl
(42). (52) end (62). The unexplained loss for the matenal baL—w"

ance period 1n qneetion is obtained by adding theso tranatars to

»'-the tma’ eountes; 1oaa for ths peﬂod.»

phaa i e _.,_.,\__.,...‘,_,. .
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amount of materisl in transfer (42), (52) and (62) will be smaller,
end the unexplainéd loss mllero If at the seme time en equivalent
amount of X is diverted fmm Section 300, the unaccounted loss

of X during the period wlll be larger. and the total unexplained -
loss of X may wen be the same as in earlier material balance
periods dnﬁng uhich no unreported diversion took place. fnrthia
way 11: might be nossiblo for material to be diverted for e lerge
number oi‘ material balence periods without detection. Eventually,

perheps,. the syatematicam 1ow values for transfers (42), (52)

(62) will lead to a low eatimate of consumption Gue to corrodon.

' thuu oasting suspicion 'n tha high unexplained losses, but a dan~-

gerous amo\mt of x cmld ‘ba diwrtad pefore this comes ‘aboute

‘mo recovery and decontmnination operationa should, thereforo,

be clouly guardad to prevent diversiono Equiprent should be-

~

processed uickly. with métm‘ial in e form lisble to diversiom- as:

short a.tima: as poasih:l. Aa noted on page 44, if deteiled data= - .

are kept by the decontamination end Tecovery dopartmants, it- v'in

be nossible to predict fairly well the amount of T to be expescted

n'om the -particular collection of squipment sent to Trecovery:

the plant v

diverted v:ithout detecticn vy materiael accmtins.
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Estimntes .iB ossentiasl. The estimztes for the unacccunted logses
during s material Yalamos paricd involve small differences between
largs emounts of material crossing the moterial balence envelopa.
The precision o?‘ the maasurerents of these streams and the initial
and finel inventorios ip critical if estimates of the unaccounted
logses are %0 have mdsquate precision.

The nexs sectioz of this report Geals with estinates

of the precision witkz uhioh losscs may be estimated.
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viI. PRECISION AND ACCURACY OF MATIN PROCISS I:l%.TER_'Lﬁ:.. BATANCE

1. Introduction

Q
Questions of precision are often conpidered et the cad

of an engineerigg study to judge the religbility of conclusicns,
and %o indicate the rarge of a~plicapility of resultse In the
prasent cése, however, considerstione of precision (end acm_zracy)
will be decisive in putlining the inventory and meterial halance
procofures. <o many quentities havs %o oe measarsd that sareful’
conaideration must be given O each so that no more ¢fZort the

i5 noedod is soent on unimportent 1toms, and SO that sufticient

care is expended on decisive items. It 1s difficuit imdesd to

‘ judege peforehand just which items are li}{ely %o contri’m;.ta most
%0 uncertainty but a m~thod s offered thet will show what work
has ¢o be done to dstermine eny inventory, {or the overall
naterial balence on T ox X) with eny stated precision. . It will
elso be seen how end where %0 allocate further efforte, i in-
crrased precisicn 1s dosired, For certain renges of vrecision,
crnergy must be expended on measuring cortain strozms and the
sawentorisa of certain vassels. hAs the n~racision-racuirements
sre nade mors tringen‘t, the attontion shifts to aifrerent streems-
and vessels, since no cgns;darablo further increaze in precision
is possible b:,? more. prt;ctaa measuréments on the go% concentraied
on at first. ‘ | -

. Thrae asets of concepts are sssembled for designing tho

materiel belence procedure. In the £irst place it i¢ necaessary

to write down en ana]’.yﬁ_.cal- expression for the overall material.

M_.
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baipnce in terme of mcacureble gaentlileS. Tais nert of t he vork
is familiar ic enginecrs sut ic arually not exiended o “he degras
noeoesary et K=25, Tie valus of the nroduet, She risks of loas

o> Giversicn of U-C3; cnd the extensivoness of the plilant Teguire

Tn the second nhsee, L% Lg mnesgesary o rava en estimate
o “he pracision with whish each reagured quantisy eatering the
paseriel balenos scuctict if me¥n. 1z the field of stetistiocsa,
“he ifea of rrecisi. noc Doen refined in reosnt years so thes
. of how precizoly we know a quentily that
are quile &5 ot jooiive as the measuremcnte themselves. The use

of confidence-bsitc mukes it possivle to sy wow certaln ve oTe

of the numorieal comclusions dravm. Thus, vhed 14 iz specifizd
shas we wish 4o be £5 por cont certain thet, 53y, the asasy of &
vaste drum is withizm -7 0.1 per cent of the reporied value, it io
possibie to otete 1OV MADY reasureT2nis nust be n~de in oxdsr
%o assure this pPresisicn.

i 4he $hid plaee, 4% is nscessary to have & sot of
equasione ghowing 10w the pf-recision of o cderived gquentidty,
sach a8 the T-inveifory, is related to the nrecision of each
of $hs physical quantities on whick i depende. Such a st of
sjuations, origineily davelopsd by Gauss, are celled %he prop=
egation~of-errcr equatiions. These relations show how the emall.

mdcm erroreg clways rimde in the msasurcment of physical quan-

4ities affect the magnitude of derived quantitles. .




=50«

This section of the momorandum is principslly concernad
with the effect 01} 811 neaspursment errors on the uncertainty in
the values of the unaccounted losses of T and Z. The Gtétistical
enalysis in t‘rﬁ; saction is limited to the K-25 plant elone,
but $ae resulis are & valid approximation for combined opsration
of ¢he K=25 and =27 plants. The present anzlyeis in many cases
relice on gﬁeasos ae tc the precisions of individuel nesgurementso
I% s recomuended that the emalysis be entendad to combined opora=
¢1cn se soon as Tairly complete information i3 available concem.ing
the precisions of ind:h‘ic‘mal' measurements.

The unaccounted for loss of T (Ep) within the mein materied
dalance envelope of Figure I is given by

Bp = 2 (’I.' = Streams Entering Dnvelope)
- Z,(T - Streems leaving Invelops)

+ {Inventory within Fnveiope et siart cf
material balence period)

~ . {Inventory within Envelops et ead of
materisl talance period)

A cimilar expreassion gives the unaccounted loss of X {fix).

The certainty vwith which the losses Ep and Ex ces be
testermined depends on the precision and zocuracy of all stream
and inventory measuremente.

The enalysié proceeds by staces, starting with relativoly
simle situetions:

In Parea' 2 ond & the concepts of precision and accuracy

are discussed, and the propesgation-of-error equation

introduced.
In parts 4 end 5 we find the precision with whick the
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T=inT7envozyr o J2osions 300 aud & may be 4otermined. I
“arms out thad om indisviital intonvory determinasion hags
s coafidsnce beld o2i3d zr=m., sné that the difforence
betwoen e suczessive inveatories {(Yhe quentlity of im-
porterce in ¢he netericl balanze; has a confidense beld
of432 kilograms. ais piasce = lovesr 1imdll on the pre-
cision with vhizh T cam bo aokw Trined. Tae lack of

= ] Do oy S mamy e T . aeg gy e
pracizion due ¢ zrTITois SErean measurement; nast be
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r. the overalil procision

in Pare & She 67%ct of Disg in the Sectiom 3CO pndé 600

smveatory dobeoraincdicn is discuvssed. I the equipmenr?

.

woiumee uzed in czic:ilating inveatories from pressurs
r2edinge cro in error, the difference bstween ¢wo inveniorios
may Ve in error. increasing thatl2 kgn. flgurs given adove
tc as much o833t kone in en uniavorable case. - -
in Pare 7 %hr wacortaiaty in ”""I' due to lack of precision of
the stroam messursments L8 discussed.
In Fors © it 1s shovn that for material accounting
purposes, T-sircem moagurements mey be regarded s unblesed. -
The toital uneerﬁa:{n;y in Sp resulting from imprecision
and dles in T-inventory, end irprecisicn in T-stroam measure~
wents iz given by Firsuras 1 enéd 2.

In Parts 9, 10 enf 13, the sbove cnelysis on the T raterisl

balenco 1g repested for the X belanee, It 4s found that =

single determine¢ion of the Section 300 emd €00 X~-inventory




hag e confidense belt of+0.6 kmmS., and that the dif-
farence betwa‘.en swo successive inventcries s e scniidende
belt of+0.85 koms. This is the lower 1imit ca the proci-
sion vith which By can be obtainsd.
Ths oversll precision of the X naterisl balance,
zneluding the contributions due to stream messursments;
i1g given by the lower curvees of Fizures 3 and 4.
in Parts 12 end 13 e gserious limitatiocn on 4o degrse
of certainty of ¢the X dbalanes is ezenine. Tho yosFible vias
of the analytical masthods ucsd for product’, fsof, and wasve
nssay coﬁtribuﬁe 40 the uncertainty of the X balance as
shova by the uoper curves of Figures % end 4: Curve I
represente the current conditions of &3say aocuracy; Curvs
ZIT represents 1;:hnt ;8 believed %o be an attaineble gocl,
In Part 14 'Z;h;a moasurement of minor inventories end
gtreems is discussed. & critorion for dumping - of cesrton
end aluminum tveps is presented. |
in Part 15 %he problems involved im localizirg plant.
consumption of T and X ere brielfly indiceted.
In Part 16, an overall meterial belsnco on U-234 1s
. oublihed, This is a m:-tﬁer chack on T conszmp‘«;.ion.
2, Precision _
It hes long besn the custom of physicists ené enginoers
40 imnrove the certalnty of ‘heir neegurements of & guantity by
$aking repeated maauremsnts; Everyone feels that the average

of several independent moasures of the same physical situation
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iz more preeise then & cinglo measuTrs. I% is goncrally the case
thad, a8 more end mIrc rnaguremsnts nre made, The average of ell
+he memgeurenentc dbecsomes cisadlor and ctoaficr. The reason fox

this improved stebility iiss in the way 4n <hich thoss caugee of

o

oviatione vhich erc rapfot. baloneec oach ciher oule AS meTe

end more measursments £rce mnle, tha nrobability ¢f ~zndom crrors
tniancing inmcreases, ené taus he eveTage valus will sihow their
e™ape legs ond leer. L0 evCRAge thus COonviaTges intc & decreasing
ronge as the number of infepondont moesaTeE 1nCTreastto

Thig tyre of convergencs Coas rot glwaye occur, howeveX,

end ¢he reseons £cr this fallure are +c be found in the ron-

epplicedbilisy . of cortain assumptiones implicid dn 4+he situastion
outlined abo7e. I the first plecoe the measursments mey not be

otatigtically indepsnéont. This is the case vhen thers is cod—

rolation of any cort hetween successive measuremenife If *he
measuring device weers Gown, Or ®*remembers® previous mzasuremonts,
4hen the esosumpticn of staﬁistical independence iz nct valid. The
o%her cause of the railure of reveated neasurenents o0 conversge
on a single value i3 to be round in the quantity boing measurad.
1¢ the external ccnirolling conditicns are shifting so that
astually one is not measx;ring the esme qusatity, then of courae
one csnnot hope for convergencs to e stable éﬁnge. In the
statisticisn's terms, one 48 not sampling from the sems pop=

ulation. Tvidence on this poiht can ususlly be odbtained from

date themselves, if s long sories of measurements 1is made.

- AEn -G - G
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1% will be assumed in this digcussion thad tac (infinite)
po~ulation is stable and, ferther, that the gsasuremants 1o beo
;sade are statistically sndevendent so that convergence to a nteble
ayerage ¢an pe-oxpocted. The everage obtained from a S6712enCs
o?, sy ten rmaesurements will of course not be the came as
he averagé of a sneoné set of ten measuremonts, bHreause Uhe
random errors carnot be expcected to baisned each other in ihe
same vay in Yo sm-ll samplos., Hovever, 1f cno c¢an dsterming
tae variability of single m=as:iIes, a sirple relatlchn eristve
satveen this quantity snd the varisbilisy of the average of
T moasurements. The best measure of varlability is thg shoniard

deviation, This is dofined by 4he equetion:

A - 2
S (m -9
six) = : (1)
Ne=1

% 3 A single measurement

X = the average of L neasuyrenents

<! _’2;
L1 = represents e cux of all values of {(xy~E
5.%) z the stondard Geviation cf single

meesurcmeniis, an estimate of the -

variebility exicting in e {infinite)
population of possible m2aSUTSB, haged’
on e "samplec of size KT,

Imegine now that & large pumber of samples of size T are drevm.

from the same population, i.¢.; & seriss of sets of I measurcments-

are mede, end en everage (I) is computed Zrom eech set. Tho

values of ¥ will not all be the sams. They will in fact vary"

around thelr average (%m aernd $t will be possible to compute @

standard deviation of these averagss, by using Touetion 1o

. G G Gy~ -
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Tpusver, £ Very lorze cmouat of datc yould have to be collscted

Q

25p +hig purpose cai it is oTiEn preferable $0 use the relstic
chown in Fouation 2 daslesd, which salates the standerd deviation
of gingle mrasuTImcnLe OTCUDA ¢hoizT weeza, 8{x), o the stondszd

Aapintion of a meacm, oizls {nfton cclled ths standart error of

a@ = szl (2)

R
3 &t

The dsriFatics 7 Talc eguction Goss not javclve eny
ageumptions ag Gc the ITICuenc ~distributicn of the original
7oluags. A simmie Gerivadion is given in Croxton & Cowden,
Applied Genoral STatislicn, X pendizx B, Seotion XII-l, I%$ is
-zorth meationing Lzt e aist™ibution of peans of even quite
cmall pemples (=4} follows the co-callied normal or Gsusgism
£istribvation, even 'bhouéh the pareﬁt populntion iz of widely
gifferent £0TRo

The sgquare cf ths standard deviatien is callcd the
Farisnozs

Tix) & 8*(x) {3)
14 {c used beczusd moot relations botwsen two or more vari-
ebilities are linesr in V and not in s; In fact, 1P £ quentity
A 15 mowr to be equal to the sum or difference of two meesured

quentities B snd C'=nd if the random small errorz in 3 are

inGependent of those in C 1% ean be shown that

T(A) = 7S + VIC) {4)

SO
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2roof of this relation, which does not Gepend on the form of %he

distribution of e;'m::s in B and in C; is given a2 Appendix I,
Since nes thor the stemiard deviation nor tas varienss

havs a ready pl;;si cal interpretation, it will genomalily be

more convenient to summarize resul$s in terms of a “95 vor cent

confidence~; 81if®, which.1s the range inside vhich the muem velue

will he expecteé to lie in 95% of = large pumber of rop@tititas
of the taking of a sample of N measurements. 1t is defined by
$ka relation

(0,05, %) = T £(0.05,N1) . & Z) {5)

L

s1epa:  4(0.05, T) = 956 confidence belt for the mesa of 2 sample of®
N measarements.
£(0.05,N-1) = ®Student's® t. The range, in units of
aamplg stenderd deviations, inside -.vhic}:
the true meen may be erpected %0 1ie, with.
9%% cortainty® {see say text on stasistics).
For N D20, ¢t may conveniently be repiaced
by the value 2. For emall N, ¥ increases.
rapidly.
a{x) = . Stendard error of sample sveresge.
The quentity d(0.05,) is more satisfactory to Teember than the
varisncs, since it has ¢he same dimensions as the quantity measured,
and makes assertions 'of uniform certainty about variability. (The -

‘Varitmce is generally used in computation since it followe simpler-

algebraic rules.)




‘me varinbility discussed sbove (due to smell randem
orrors), messured by = stenéerd deviation or a variance oF
& confidence belt, is Ieforred o as Precision. Thiz is a2
144419 unfcriunate, since impreciciom vould describe 44 better.
Ta the Temainder of this sectiocn, ae concopt of precision will
be enplied to the cetermination of the preeision of +he overall
naserial balepes, :m parviculer, Ghe precision with which cae
can ctede a value Jor the uzecchuntsd lossos of T end X,
5, Scouracy (Systcmmtic Ixror)

te now mai: s disbinctioz bstween precision and

emothar form of er-ex, vhaick measurss Acturacy. I£ 4% hsppens

that the everage of svscessively larger nunbers of mclgpanﬁaa‘&
meazures converges o & valuve vhich is lkmowm onm other gx;ounds to. ‘
be an 1ncom'c?. one, %hen it is clear tha¥ there must be some
cyBscmatie error ir the measurements (or in what they are surposed
4o br meacures of). Systemetic error, also called blas, cannot
bs hapdied by the methods indicated above. 12, however, rougi
aobarates of the megnitude ¢f systeratic errors in several
everages can be cbiained, tken = ( copsimtent } cstinmate of the
rmagnitude of the srTor in eny éerived quantity can bde madéo llethods
for coing this will be discussed later in .connection with each
¢f 4be meansured quantities whioch may be subject ¢o systemaiic
error. 1% is essential .that some independent informatioa de -
aveilable for an average value to be judged biased.

It may well turn cut that the materisl belamces pro-
posed below will give indications that eome averages ere biased .

since the material balsmnce is itself an jndependent physical checlc

w . .




cf 8 netassary raletion between all the guantities measured.

The consumption of T and X in the E=25 plant may roughly be
eetimated from the torrosion oharacteristics of the materials

of Gonstruction. These eatimsies should improve as more corrosioh
data become available. If the values of ¢ths unaccounted lossoo
of T and X determined by the material beslance turn out to be neg-
etive or to be considerably larger than previously estimeted valnoé,'
end 4f the precisions with which they ere determined do not sdmit
the nreviously estimnted values as probable values, cne may
suspect that eome of the measured gquantities entering into the
material bslsnce are biased. If, however, reasonable values

for the unaccounted losses of T and X ére secured, the merterial
talence furnishes no ussble information on the bias of the

individual messurcments. Hence, we may ssCure evidence of blas, ‘ont‘

not of lack of bias, from the results of the noteriel balence.




4. Precision of T-Inventory of the Calle of Section 300
caused by Trror in Teils Pressure.

The oypicai:cell omestrcam in Section 500 18 a rather
compliceted hydrodynemic system, handling a gaé mixfura largely
sonsisting of C-616 end G-7& of verisble commosition and précsure.
The C-616 inventory of = colil iz a function of each stage's oper-
sting %alls pressure, temperaturse; concentration ¢f G~74 esnd other
41luenta, and barrier reormesbility. The inven tory also depends
very slightly on the cell's envirozment (o&., tho permeability
of the stages Just czcti cad just bslow the cell in the cascade;

ard the line pressurc drops between the cell and these neighboring

stages). The following measurementt are available for the vpurpose '

of eatimnting & coll’s 'ﬂ?s inventory:

l. Buildipg dstum pressure.

2., Six stage taile yressure measzurements {actually the
difference betvcen the tails pressure end the building
datum pressurs is measured).

3. Six control valve angle messurements, thieh indicate
the stage permeabilities. (Strictly, s contiol valve
angle st & given stage is lergely determined by the
permeability of the stage telow. Hence, the six con-
trol velve cngle measurements of a cell reflect the
permeability of Stages 1-8 of the cell in question, and
of £tage 6 of the 0511 beloﬁa However, .in sveluating
the invemntory of & large number of cells, the correct
avamée permeability is obtained, and hence the correct
average inventory insofar as inventory depends on

permeability.)

—y




4.  Six stage temperature measurenents

%, One G-74, oxygen, and C-816 concenirasion measurement
{(in the light stream of Stage 6).

A detailed procedure for calculating the 4inventory of
Seotions 300 and 400 will be presented in s future pemorandum £rom

the Ingineering Development Division. These mathods are 100

complicated for convenient use in the present stetistical study
of ¢the propagation-of-errors jn the overall material balance, end
g0 simpler approximate methods will be uséd here. The réaults
of the statistical study will not be sitiated by their use. It
is emphasized that the equations end numerical constants given
. in ¢his report sre not recommended for use in actual inventory .
dalculstions. -
The .following equation will be used 4n thic memorandum

+o egtinate the?-inven‘cory_ of e Section 300 coll:

Nl T L) et B
L0l RS |

where T & T-inventory of csll in kilograms

A% inventory of celll :
operating with pure TFg, end with 2ll steges haviig.
a.sgtandard permeability, 103.6 all control valves
having e stenda™d position. A" will be termoad the
cell *gize factor®.

TS moan teils prossurs in psia

wvllan-

. TV = mean difference between observed control valve
' position end stendard control valve posiZiom.
st ?mé =mol per coent nitmg@n in sixth stage A pump dischargd:

R~ = mesn stege temperature, g,




Talues for the fectors D ené 4 have heen derived from “Plent
Inventory es & Funé’r-ion af Control Valveo Position zpd Titrogsm
Concentration®, Repert 2.16.8, dr F. Zenz and 3. VWelsh, 12-3-45,
‘ené are eiven 1; Table X1 of fLppendin B. Tho factor 4 is less
than 0,01 boosuae the msen csncentration of nitrogsn in & coll
is less them that iz the light strsan. Ths inventory should bdeo
cc;rrected for othor dilusnis in & similar manner to the core
rsctbicn for nitrogez. {°7° Sor oxyzen is taken cs egusl %o d; an
l-velus of 0.01 15 vesi "= $=816.)

Tae following vasle giows which quentities in Eguetion
(5) affect the predisica cf an inventory Gotermination, =nd which ‘

affect ite eccuracy:

Variables whick mar be maasured Faremetoere which remain
ag often as desired in order 0 gonsiant cxcert whea oguip~
incrsase procicion of inventory ment is recalidrated o new

computing procedures =re
introduced, ZFrrors iz these

P _ '~ parematers ronder an inven-=.
—_ $ory insccurate '
cv
A®
‘9«‘2 ot
% €16 d
% Ca . 1
T a

We now comnsider the precision vith which the T-inventory of”
Seotion %00 cells cen be determined from measuremente of the var-
jables appearing in Eguation 8. For simplicity in exposition we
will first assume that all sta;g_e;l;_ heve e standard permeabili’y, .
0.0% N'z..c-al_s, and Op, end oporating tempsrsturs, so that ’
Equation (6) simplifies to ~— '

i

T =z A°P " ' (7
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We will first calcuiatb the contribution of the preéisicn
of %he tails pressure measuremant to the precision of the inven=
tory determination,:sad later edd the contribution of control
valve position, diluent concentrations, cnd stege temoeraturs
measurement;a =

Our goal w1l be to state the precision with which the
inventory can be determined, emd the contribution of cach varisble
to thi® precision {in order that work to increase precisiocn mey
be cpncéntrated- on the more important variables). Ve will also
be able to state the =amallest ﬂiff‘erence between twe T-Inventory
determinetions vwhich ws may daténhne with confidence. This
‘J:imlting difference will be of imnortance when we considen the
overall maferial balance on T.

The following equation gives the T-inveatory of all cslls of

Sections 300 under the  essumpticns vsed in writing Zquation
73 |

Toe11s = ‘ég A3 nyPy (8)
whers Toells = - inventory of T in the cells

of Section 300, uncorrectst for
nitrogen, oxygen, 816, and
permeability. (4 7m s.)

0

Ay = size faotor for the cells of -
Seetion 1 (1 rumning from Sectiom:-
<3 through Seotion 4). Ayms./psiy.

n, o number of active. cells of Sectiom 1

5’: E Yeighted aversge teils pressurs of”

ell stages of Sectior 1. ,ps/d.
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by Equation 2, sines Thers ave 6 ng tails pressure measurements in: ' .

T4 will be noticed that Touation 8 is & sum of
producte. As ia showa iz fipperdiz I, waer F = G x H, the
variance of the nroduct, Y{F)}, is rclated to the varianse of

the faotors V(G) end V{E) dy vhws relations

v(r) - TiG} T{X)
2 s T -
F e B2 : (9)
. i 2 2
or W) = 52 [7(e)/eR + v(m)/EY] (10)
= e ¢ “‘C’(H)
cné cimilerly Sor ths tooirst of anr number of factors. ¥o

essumption 4s made abcul Tho Troquency-aissridution of errors

in A and B, bub statistical indopendence is ragquired and the

orrors in each guentity rmst be small with respest to the quentity .
i%s8lf,

Applying Bauaticn ¢ %o 8,

V( 7censs) = i Ma) //?)/

e E (1)
shere T, 5 T-inventory of all cells in aao"bion 1.

Ting) ™1l te setb emeal td zero, since we camnot afford
en orTOT €3 large as & one cell miscovnt. Furthz ruore, it scems
reagsonable 10 ascume that the uncertainty of pressure will be the
geme in sll sizocs of aquipmeﬁt, I..et V{P) ve the varience of a

lerge number of indiwiduel tuils pres sure measuyroments. Thon the

varience of the average prensure of a seotion 18

= = Y(E)
TR T ey a2

-

Seotion i. Egvation {11) becomes:

- - a— G-




® - g
. < v(P) :§ & -
fes T 7L % 6 o T

The quantities Ag and nj ere roughly known, but & rough
ostimats msat now be mads of V(P), Thie varience depends cm the
varicbility of the individusl %ails pressure recorders end the
reliability of the building datum pressure reccrder, If wo
agsume that 95 per cent of the recorded tails preccures are
withintO.l of +he sohedule®d velues, thsn

a(05,P) =10.1 poie
= ¢x s(P) = 2 /;-(;’T
. ’ The factor 2 is used as an appxz'oximtion for <.

V(2) = 0B = 0.0025 (psie)®

Table IT shows the estimates of A{ and ng used:
Table II
Varience of T Invenfory Due to Randon FrroT in Pressuro lcasuremsnts =-

Section 300 cells _
Appro ximate Numbor of Colls Variance of Varianoce.of”

Seotion Values of Cell in Seotion ¢ Pressuss T-Inventory-

Size Factor Aq .- 1 Reading of. Section

- | v(F) TR) 5,

6: By

-3 9 0.0025 N
-1 15 0.0025
1 48 0.,0025
2 127 0.,0023
3 164 0.0025
IS %% 0.C025

480 54.1.

@
g
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Tnorefore  8lTggue) = . |56l = 7,35 kyms.
and a(05,%,p775) = 3 14.7 tilogreme
s per cent

This eaiculation stowes that, if 21l pressures ary
rocorded and averaged, the inventory of T in the Ssction 300
oslla may be computed to stoul vsr ¢ent. Since the gize

° o .
factors Ag 8¥° zlmost cerdeinly bizsei fue to errors in their

esvimation, we have her:c ¢ cage of Convergence on e biaasd

aversge, but sicce we tILL Be eoncernad in ths future with chenges
in inventory, this bias will largely diccppenr. The effect of

this bvias on %the materizl balance 1is caiculated in part 6.

The uncerieinty in ths dirrerence between two T-inven=

1 .
tories may be ccmputed using Equaticn 4., Lst Tyejls end ‘l’n'

cells
be {wo successive determinetions of the Section 280 cellEnvmtcryc
I I
Tee VTegis 7 Teelrel = WA Toe11g) = VI cells) + V(T ells)
)
® FMTee11n (14)

2 x 54
108

.%o 8{0.05, Taopye) = 2Y108 =tR0.B kem.

Thus if &1l cells contain purs T¥g, ond are of the same permesbility
and tenq:omtﬁm,’ a.change in T-inventory of Sect;an 300 eells

cammot be detocted, with 95 per cent certaimty, if it is less than

21 kilograms. It would be pramaturs to uso thi'e valus, however,

since the factors discussed beloiw {ncreass this value considerably, ‘




5, Praecision of T-Inventory of Ssetione 300 szl €00

Tho preceding discussion has lat to an vstimate of the
precision of a determination of the T-imvoutory of Section 300
cells omit4sing the contributions to umcsrisinty e to rendom
erroye in the estimntes of cell permeavility, tsnverature, ‘,?'.;{2,
%816, and #0, measurementa. Appendix B gives en melysis of
-th@ose orqit‘-:ed measurements. Appendix C shows the )dditicna':i.
uncertainty added by errors ot. measuremant ic pipirg, end in the
T-inventory of Sqqtions 600 and 312, These vnecert:iatien, ox-
pressed 25 varisnces, may be added {c the varience feupd 1m

pert 4 to obtain the total uncertainty from all cewtss. Table

IIX lists all contributions of uncertainty to the T-inventory

thue far ezsmined.




T
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TABLL TIid
Summery of Camusce and tiarnitudaes of

Randon: Error in T=inventory
..Seatione 300 oné G600

°3% Confidsence Teriancoa

Variaeble Moasured FTurhor of B2lt or each {lcgm.T)
llsecuTImenss leasuremont

Czll Tails Prossure Z,2350 t0.1 DoSelelo 52,1
Cell Pstmecbilisy L8500 5 % eleozed 5301
Cell Temporature 2,800 s O°F 1.3
Cell g 100 £0,10 x (@) . 9.0
Cell % C-3816 58 0,10 x {fC-816) 2.0
Tateresll Piping preceurs 475 2C.1 DeBeieto Lo7
Interduilding Piping

Prepcure 51 +0.1 pededeso 1.7
€00 Scotica Surge Drum _

Pressure 1l 2008 DeBeldetio .8 .
600 Sectica Surge Drum
: Tempe raturs 1 +5 °F 0.0
312 Setticn Pressures <0 %0c1 DeSel.80 C.0

Total ' 126.7
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Although it is hopcd that the tarms dus o %ails
progsures, and to ?ection €00 will be considersbly Teduced
in the meer future; the values listed in Table ITI will be used
in thies report in order tc be consermtivoo.

It is clear from the value glven for total variange

that a esingls T-inventory cen be exPected t¢c be vracise to

wvighin 2 V 130 =1 23 kgmee A difference

notwoen tvwo inventories will, than, be vreeise to vithin

+23(2 =132 kems.

The poseibility of reducing +ha effect of some of the
larger sources cf error cem now be concidered. IZooking 2%
TablelII, the items due %o pressure~uncertainty, %o con‘c‘ro'l-
W\.lve‘-engie'-ﬂ.ncertein‘by, and to Soctioﬁ €00 inventory uncertainty
geem most pormising.

The unéertainty due to pressure is estimated from
a r-ther nessimistic view of the confidence~belt on eingis
pressure readings. A study of the actual éurrent conditions is
now undervey. This study will probebly give a lower o5t confi=
dence~belt on praasﬁre them 0ol pe.s.i.az. and will, further,
probebly give indications of the amount of vork involved 1a
improving the calibration of the pressure recorfers, It will
then be vossible to judge the feasibility of improving the pre-

cigion of the T-inventory by reducing a(0.08,P) .




Uncersainty in control~walve-angle indication 18 also
under study; in the hope that the current ostimete 4{0.05,CV) = 5%
will prove to bo high, and also that imoroved calibration will
further reduce the value foundo

T¢ vill be noticed in Table XX(a), Apvemdix B, that the
confidence belt on control walve angle iz teken to be the samo
1p all Ssotions of +he plant. This is corieinly not the case for
Seotion 4, but even e larze inercass in the velus of v(cv) for
this seotion will not - Flvieace she precision of the casecade
T-inventory to any lar:. fogree since the veighting faotor TZ is
2o smell for this section.

Mothods for finding the pressure znd temperature cf

Seetion 600 e.ré nlso under study, It will probably not be
aifficult to reduce the term 9.8 kgas.®, given in Table III
and in Appendix C, %o a value neer 2.0 kzms.Z.

Since, thersfore, cll the mejor contributions to
T-3{nventory urcertainty have probably been over-estimated,
the value of 130 kgma.2 given cbove for the rendcm-error-varisnce
of T-inventory is felt ‘to te conservativaly high.

6. Accuracy of Section 300 T-Inventory

e discussion thus far has been concerned with prscisicn.
The qusstion snswered by & precision study is: If 'all the direct
measurements ere repeated with the same instrumenis and the some

cars, vithin what —-mnge will the derived quantity lie (with 95%

certainty)? Ve now must guess how large & systematic error in ' ‘
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the T-inventory resulis Irom constent srrors in the quentitics

measured., It will ve found that = fairly large systsmsiic

bias in the individuel T-inverniories can ve tolsrated. Our mein
interest is in~the difference between doteorminations of tho
cascada's T-inventory, sincs cur estimate of the nnéccountaé-for
losg of T denenda on thie difference.

Ra;errms 4o Trble ITI, we will consider the constent

\ esrors that mey exist in ths mesasursments 1li sted. I¢ Goss not

! ssem reasonsble to essums the ozistencc of bias in the taile
pressure, numbar of cells, éontrol valvo engles, concentration

' of conteminents, and temperaturs, since each of these quantities

een be chackod exactly or calibrated against stendards cf know@
accuracy if it is neceseary +o0 reduce thairvbias to & desired
minimm. On the other hand, the cell size factors p.‘;o the
cosfricients used for estimeting the effect of conkrol vé.lve
angle snd G-74 concehtration on -inventory, end the volumas of
intercell and intervuilding pining end Seotion 500 may vell be
biaged, To éupnry the discussion, only the size factors will
be considered.

The cell size factors A: ero each datermined from &
series of repeated celibration tests, end so a confidence bdelt
will be availedbls for eaého Since it is plenned to use the size
factors detsrmined from e single series of calibration tests for-

‘ & pumber of inwventories, soy exror in these gize fsctorz will affect

wefiplintninE..,
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she rosults in o consiztent® vways insteed of in a randca way as
48 %he case with erroTs in quentitiss vhicn ere redetermined at
each iavenbory “i~e., The conllicmes p2l%sec on the average slze
fastorz oblained kt_’ran celibraz%icn tesisc are measures of the
~oseible biss in the valuss o <ig sises Cfactors regularly used
for inventory Gzverminationa. J¢ ecurse, ths calibration tachnique
itself mey v bissed, tut on HIio »oint we have no information.

Theg ofFset of the noaeslllu Tias im gize factoras cn the wn=
corieinty of the giffcriion DOTWIIL %vo inventories 1s dcteminedl
by the propagatlon-of-errd epuotion. The sguation for the change

in izventory should be writian

¢

o -
AT = 2 AL A Z)

Y

(15)
instead of

s {16)

because the seme valuese of Az are used in computing both inventories.
The chenge in cascade inventory 1o represented by ATc. The varisnce:
expressing ths vncertainty in the inventory chenge caused by bies
should bs vwritten as

& -6-——.';.—'2 Y L. 40t -
Y (ar)= S a0l A2 Ak (:72) (2

§==3

instead of

. 5 it 2 L A KOR) @
Y (aT)= 22,7 KAD* % 12 (28) |
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waore vb bas been used tc denote variance dus %o biag.

%o agreed cbove thet the tias in ng and T, must be negligible,
and oo only the first termr of (17) remains. The quentity \Tb(Ag)
rmay be estimeted from the confidence belt on ¢hs cell inventory
calibrations.

Lot us assume that in the 4worst case the tails preesurqs
zsy be chenged by 10% ‘thrcughout Ssgtion 300, It will Turiher be
assumed that each A”; is the everags of six calidbrations, and
that the 95% confidence belts are I3%; £3%, 1 3% end +5% racpec~

tiveiy for the four equipment sizee. Thea

4(//(/?) = C.] i /3‘—

Sections ‘53, 28, Zb i
%(A:) =

Sections -3, Ja, Ib:

Y(A5) =1

ACT
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RS,

With these =ssumptione & punerical eatimate of 4he probable
bias in AT, cen bo'maéo. Toblo IV chows the computation. It i8
included so that the rslative contributions of ths &ifferent

factors smd terms may be seean

TABLE

-
[

-4

Eatimation of nossible Variance in Change in Casoads
T=Inventory Due to Pilas in Cell Size Factors

Tumber of Meoan Tails Varieance
cells in Preagsure in Vericnce of of change
Seotion Ssetvion 2 SizeoFactor. in inventory,
Py (0.1 5Py )" V(A i) T (ATy)

Section

&
&

» g9 @B P
&

Total | 303
It 1s suggosted that this quantity be added by the usual
propagation-of-error method to the uncertainty in AT ‘dus to random errors. '

Thus the totel mmcerteinty in AT Mey be written es ()




g

Ll o5 A7) = 2 Viesr30 = 2 5F fm. T

or V/A 7:) =70 ’?/"""Z- This vu.ﬁe for V(ATG) will be used -

in DPart 7, in dgtermining the umcerteiity of the material balence

on T. |

If sn overall materiel balencocn T is run during @

period of changing T-invenéory. it 1. be nossible to use

thise faét to estim~te systematic errord in the A:. The pressures.

need only be rsised (or lowered) sectisa by section, with &

cascade inventory tnken before end aficr each pressure change.
. The chenge of inventory can them be -.3ed@ to estimate the slze
factor foxf each ssction with good precision end with greatly
imnroved accuracy.

The error in AT, intToduced “y using the same AQ in both
inventories can only" be reducad vy macing more, or more careful
measursments of the A‘;; The prubable bias in/T, i1l be reduced
proportionslly to the fractionelreduciion in the 4(0.05,5), 1£-
these are everywﬂere the same. Howevar, &g cen be see'n‘ f£rom Table-
III, slmost all ths bias is transmitted hrough A, end Ap, so $hat’
these two should be re-calibrated if mors sccuracy ia required in
the change in T—inventbry_.

Tt vill be shown later (Part 10) that AJ emd Aj ere of

most importence in improving ths zccuracy of the X=inventory.
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7. DPrecision of Material Dalenes on T

The overall T-bazlance for e material balence period is

given by the equaticn

£y o Ti-Tu-T;=8% =76 (19)
whero ET s Overall umacccunted loss of T during material

belance poricé

TF = kgmo. T in seed gtresm, throughout ¢he
balencs psriod

2

T * FEEZ. T 3D waste stream

]

Ty = %zus. T in product stroam
T, = Cascade T-invontory et end of neriod less

+has st beginning, i.8,, the increase in

T.inventory .

pumbeyr of daye Iin material balance poriod

n

Sp aversge deily rate of anaceounted loss of T
This equetion omite minor inventories end minor streams croseing
the main process material belance envelopo, These will _ba dis~
cussed iz Part 13, and the precisions of their meesurements Will.
‘be speeiﬂed 80 that they make & minor contribution to the overan
unceﬂainty of the T—balanca. _
The rendom-error equation corresponding to fquation (19)

is

V(&)= (7% )+ WT2)+ V(T)+ V(A T)

(20)

S =R v E i) VAT
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e

vhere N? z pumber o fesd drums used

Ny = number of waste drums used
Nq = nmber of vroduct drums used
F = estimated weight of T in a single fesd dzum *

¥ = estimated weight of T in a scingle vasie drum*

1 = estimated weight of T in a single nroduct drum®
 In the last vert ol this sectlonm, e value of 280 kgm.z

was found for V(4 T,). Thisis seen to be a lower limiting
value for V{Ep). Te will now derive expressions for ({7, (%) -
ond V{T1) so0 that their contributions to V{Bp) can de evaluated.

' The woight, W, c::!‘-'.’l‘.'!'s in each drum is found by thé

difference betwsen the weight full, vy, and the weirht emnty, -'wg‘._.t
. The precisions expressed &s 95% confidence belts of e )
the feed, v’:aste‘and_ product scales are all roughly 0.25 per cent-
of the omount weighed, = - ‘»
W= - o .

Viw) = Viw) + Viw)

Yw) = L [(Lgeifm. . c3f )’ : S

e, | 2 x2.2 Jo2
l/(w‘) - / 0.0028 W “J,)‘

My ' R X222 e R

Viw crarxo (e -',v-r—:;i) (kgm. 7)

. , #: 7t 15 sssumed in this part that the chemical purity -
of- feed product end waste streams 4g known with full

. precision. The effeot of random error in estimating
= the chemical purity of stresms is discussed in Appen=
d1x D and immedistely following Jeble V in this parts
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shore W- end ¥, are in los. of 'rrs In these equation®, R, is
ths number of 1ndspendmt woighings of each £ull feed drum end
Ry is the mnbor ot weighings of each empty drus. Yor tho
feed drums wy is gbout 650 pounds end W, apout 180 pounds, For

feed weighings, then

e 3 avmmny 2,
0 150
Awy e

V(f) = /%.:‘ylﬂ"

00”3')

= 0.06/ (n,,, 7 (231

It 1s clear from Rquation (23) that mos? of the uhcorumty

in weight of ?per drum comes Zrom tha nesrteinty in veighing. '
the full c}m. There will then usually be 1i1ttle mrwmt »y-
repeated weighings of t}u empty drum, inlus the Tull drum has:
alteady been weighed then or-mors timss, Let us recoxmend thes
the -eepty drum de weighed onoce for eagh 5 wejghings of the full.
drum, but in no case should the empty drum Do weighed less than.-

' 4wice t0 avoid errors dus to.cerelessupss. For this soheduls,
Bjustion (23) becomes | o | '

WE) =57 TS

vhere 2. u the nunbor of repested independent weighings of” sash:

full feed drudl.’ (&matlon {26) does not ‘gtrictly spply vhere




e is below 10, due to cur requirement thet the empty drum be
weighod at deast twics.

s:lnco the rull wa.lte drum weighs sbout 6500 pounds, and
the empty drum about 1500 pounds. Zguetiocn (22), applied to

the waste \murt_ginty becomes

V(W)-‘-‘—%}.' -  (a8)

vhere n' is the mumber of independeat weighings of cach full waste
drum, under the seme weighing schedule as for feed drums.

The eomapondm oquaticn for product is:

Wﬂ) ""’”"”‘f - e e

since ths il and empty product drums weigh about 10 end 7 pounds,
.rupoctinly. It 1; obvious that uncerteinty is weight of ‘pro-
duet ‘makes no smuieant ontribution to uncertainty in coneumption.

This term will. tneratorc ba omitsed below,

Substituting Equatioal 24 and 25, into Fguation 21, noting -
$hat N, :' ‘v, K, =1, and that W4T, ) = 230 (from Parts 5. amLGl.

&
V(rer) = 0f zoroed L 27 7, Jgs
. f"}r'—ﬂ’//@r) ' . s

o Mer)e S (42 2 22)
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) | Letting 4(0.05, ey} Tepresent she 986 confidence belt on ' .
.
d(dos ¢)= 2 V)
- | Vo
or

d (0.05, ¢7) = -’-‘/7.5‘/7:!'/7:‘/; ¥ 2f2) e8)

This equation will repay some stuly, ginoe it ehows the:
rolativo mortame of the three fectors left at our 4isposal

artor fne Mvantory mrogsedure m- bean fixed. In the fi:cst nlace-

{t i seen that repeated weighinaa of each wasie drum rodneo the..
uncertalnty u op mOT® than rupoatad weishmga of sach feed am.

Seoondly, m relative mportame of rO-uez.am.nc as aginn -ittn;,__

a:lonscr'tm can. be 3ndgad by the reletive magnitud.o of the twn :
quentities ('I/n,-f-ioln') end 260/n. C SR
sznoa 1% w1l be aifricult to weigh eech waste dmm

P

oftenor them 10 times, let us tentetivel.y pu.t n! = 2, ana a-“-—]n..

mmum {28)

o (0:05 &) % T 7 250 | (290)-
d,/a.mﬁ):.e./mm o

1'5 emuto the: procinion voasible wwmt cmuuagm.~ '

e oace - .
cnrmt p:ictico or va:l.ghing sach’ rud and wasto"‘*uulz\, e nhuv
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d, (0.05 &)= S [7# 35 (29w)

d(0055) =8 ln+35

3

. t

x . -

Valuos of thu procialcn undcr these two sets of asm-

tions eoncoming tmqnmcy or weighi.ngs ate gim 1:; Table V-
S Tgm v : .

Preoision of Eﬁim: ot Umecmtad Ioss of T, as 1I¢
Denends cn Fumber of Feed Drum Weighings {ny), on number
of.Viaste Drum Veighings (n') snd on Number ot Days be-
tvoan Inmtorin (nl,, e

955 conﬁaanee Belt an
i ; .T Ave




The values for o S Zendn, ® 10 are plotted 1n

Pigures 1 snd 2.

| It i8 clear that thers is no grest improvement ixn
precision of ey by Tepeated weightngs 1f the material balsnce
is for = period of tima less tham g month. If, however, lomger
pericds of Time are considerad, say 6 months, zha'n it deoomss
possible to goudle the vrecision by veighing fesd end wesie
drume oftener ss showm, )

It 18 hardly nscessary to ramind the readsr that the
numerical Tesulte given in Teble V are subject {0 a2 consideradble
nurber of pasuxptions., Thege essunpiicns sre listed in Table
I (found in Seotion II). ' ‘ ‘

In the work up to this point §t hes beem assumed thstb
the chentical .purity of feed, maste and product streans ere
'pr-oiaoly known. In Appendix D 1% is shoum that the increase
$a the T-balence moquity is negligidlie 47 the cheamical
puypity of eaéh foed Arum is Xnown to‘ 0.2 per cent and the )
purity of each waste drum Yo Oo.l per camt.

8, Aocuracy of T Strsenm Meaguremsnts

| The elimination of bies in the feed and wWaste streems

is particulerly e=ey in the overall materisl balence ou T since
tha measurewents ere =ll weighings. Blas ceused by systematic
error in scales oen ';o reduced to almoet ani desired. quentity

by cross—checking of feed and waste scales. The same culibrationm.

weighte con be used Tepeatedly every day on both sosles end at the .
- RN b 4

gsanm¢ time the precision of each icaise ean be checked.

VRS
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8¢ Piecision ef L‘Igveutorv of Seotions 300 and 600

The X- inventory ot the cascade is detem ned by measuring

the X»conccntrﬁion gt a large number of noints, as well as

all the quen’ities indiceted in Table IIl, The precision of ,
thz X-inverntory will be estimated by exactly the same methcd as

uged in the T-inventory, with orne importsnt differsnce. The

X-concentration (called x, waiehtefracticn, throughout this

sac»icn) varies widely 1n the cescade, even vithin a singloe
.

Section, and thereforo cgnnot he avaraged as viers nressurea end
ecntmlevalve anglaa 1n the T—inventory. Fopr this reascn the
analysis ot precision o: X-:}.nventory mist dbe earried throuch

. »-'v

by buildings ms'kead of by sect; ons..

The Kﬁinventory otf:,the callo in Seetion 300 will be

given by:

(30)

hero xc ell.s; -~4 x-MMt ry”of Seotion 300 cells.

a/cell, corrected for pemeability,
ﬂz, and $4=816 variability.

number of-cells ! ..dip_g 3




The corresvonding equation for the variance in X-inventory

osused by rendom error in mj, ‘1;3 and x 183

) —

g - VAR
- 2 ¢ V(ni) 7
_ ; X2 (L V 2 _K__) Y ,))

(31)

Ye will now mive rough numerical estimates of the quantities

in the parenthesis end proceed to evaluate V(X }Jo We will

cells
agssume that

e VYinj)=0

AY . 00028 417
bo V(/B) T T e = x/0~¢

v s
. Y& gxi”t
Z;* 2%~

where np 5 = | number of pressure measurements (= énj) in Bullding i
nxj = number of indevendent assays in Building §
Assumption a. is made tecause we cannot afford am errox
of one c¢ell in the numbers nj. Assumption b, is the same as that
assumed in the T-inventory analysis, equivalent to da(0.05,P) =
+ 0.1 p.s.1.2, Assumtibi .c.. 48 based on date from *B® and “C*
laboratories, end is squivalent to assuming that 4(0.05,x) = 0.018X.

Substituting e, b, and ¢ in Equation 31

o/ ,
V(Xpe115? = 81 x 107 -6 Z 72 * . (32)
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Table XIII, Appendix E, gives numerical values to the variables
in Eouation 32, using Decembsr 12, 1946 values of xj, the Tull
¢sll numbers ver bxfilding for o, end 2 far By meaning that two
semples ere taken ir each building.

Table XI’T'T , Appendix I, summarizes the calculations shown
in Table ZIIX by Sections. The total variance of xcells due to
uncertainty in essay measurcuents i%vo per building) end pressure
meesurements {cne ver stage; is C.0328 kgn.,z, with each type of
messurement contributing eboui $i1e same amount of uncerivainty.
The former cen be comsidsrably reduced by taking more samplies
for essay in Sections b and 4.

The sdditional uncertainty introduced by piping, ¢
Sections 312 snd 600, and by the other vrocess variables,

{Control valve angle, My, % C-818) are computed by exsctly

anelogous methods. Table VI summarizes 2ll these contridutions.
The total unecertainty in .the cascade Z.minven:t;c:ry,3 Xc, is, %then,
0.1 kgms.z, corresponding to e 95% confidence belt of +0.6 kazus.

To £ind the smount of uncertainty in X, 1f only & single
assay sample per building is taken, it is only ﬁecessary t0o double
the verience @ue to X-essay {0.0258 in Table XI}. The total variance
would be 0.134 kgns.® instead of 0.108 kgm.?, This corresponds
to a 95% confidence belt orn X of-f;»_Z’\/m or ¥0.73 kegms. for a
single inventory. A difference in two Kainmﬁfories of less that
0.73VE or +1.03 kems. X cculd not be detected with 956 certainty

with this schedule of measuremenis.

oryeren =
g




TABLE VI ®

Summary of Causes end Magnitudes of Random Brrors

in X-Inventory

Sections 300 and 600
(Two Assay Samples per Building)

B Cause Variance
X~-assay 0.0258
Cell Tails Pressure 0.0370
Control Valve Angle 0.0134 .
Cell Tempersture 0.0003
Cell mz 0.0146
Cell % C-816 0.0010
Intercell piping 0,0117
Interbuilding piping 0.0014
Section 600 . 0,0n30
Section 312 0.0000
Totel Varience (Kgni® 0.1082

*‘ See Teble ITI for aesﬁmpticns concerning precision of
measurements of all quantities except assays.

!
u
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10, Accuracy of X-Inventorr

The only méasuramen'l: in the X«-inventdry that seams
likely to introduce systematlc error is that of the size-factors
Aion Exactly aswin the T-irventory. these average wvalues, since
they are usad twice, are caeriain ‘o introduce some hiss. Table

VIX below, gives a mough estimate of the variesnce caused dy this

bias, using everage X-ccncerirastions for each action.

We essume thet r‘iPi;i changes by 10% in each cascade Ssction.

The same uncertainty in each kio iz assumed as in Table III, Part

6, for the T=inventory bias.
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TABLE XII

%

Bstimation of Possible Variance in Changs of
X-Inventory caused by Bias in Sizs Factors

-

VYariance in.changs

Varience in in X-Ianventory

Heen Welght Size Factor, of Section

-2
Section  Zraction X, fool n,P v, {A9) V.{ax ) ka@n?
= TS 1715 B 1!

b

z

2b
3a

3b

Total 0,0203

Since the sign of this bias is guite unknown, it must be
added as a variance, to the othsr rendom~error variance

alreedy computed. The total variemce of 24X, will then be
2 x 0,1084-0,02 and this quentity is the one used in the
following part for ths total varianca of the chenge in X~

inventory, V{nX,).
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11, Precision of Overall Materiszl Bz=lence on X

By snalogy with Fguation 12, For the overall material

balunce on T, we write

~- 4 1 4
L= e, = K-k, -4 —ad, (33)
where E. * overall uneccountsd Jor loss of X, during meterial

Ve T

balance nzriocl, hon.X - -

e, = daily vete of wmsncowrited for loss of ¥, kgm. per daye.

XP = kgme. I in Jeol suroam

X, = xgms. £ in voeoon tiveam

Zp = i:gnsn X in prsdue’t stream

X, =2 1increape in I-ip '““M*y of Scotion 300 during °
meterial balsnce varicd

2. = number of day~ in material bzliance vneriod.

This equation omits minor inventories and streams. These will be

discussed in Part 13.

Substituting measursd guantities in Eguastion (33)

—_ Mo __ fa —_
£y = e, = Zi'/'- ,,W—,ZE,,/'/'—AXC {34)




where

K_ = pumber of feed drums fed
3

number' of wasse drums £1lled

.
3]

a? 4=
1]

number of product drums withdrawn

=)
b

kegne. T per feed drum

=]
“

kgms. T per waste dTum

=21
()

kfms, T per product drum

1]

estimated weight-fraction of X in feed

agsayed weight-fraction or X in waste

LTI TIN ]
il

= assayed weight-fractiom of X product

.

It will be sufficiently precise for current purposes
{but not, of course, in the actual material balence operation)
to assume that all feed drums contain the seme weight of T,
end similarly for all waste drums end product drums. Equetion

(34) mey be written:
e (2222 W2 2104
The corresponding random—error sguation is:

Ve = f‘,ﬁﬁV(znf)*/ZMl’;szwwv‘g V(%/7)+V(A);) (36)
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Ve ) = {MVEF) b, Wz, )+ MV, (7) VIak) (a0

Since agout 10 feed drums, 1 waste drum, and 10 product

drums are used daily, we have
Vie) = # {100z /(5 7wl « L3, Y0+ v @7

FY G TV e 4 V@A)

.

(38}

Rough numericel estimetes are evaileble for all the quantities

on the right hané side of PEiuation (38):

¥

m
H
i

154 kgms

1540 kgns

™
.
n
[
13
™
1]

i
|
)
I8
L]

0.92 kgms

"
o
®
o
o

=
[ aad

0.0055

S 0.28

2 ‘ —2 ¢ =8 %
WE) - Vixp) _ (0,009 xp)° o o076 Ty 4.3 107
: n. nz

T
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e a

where’ V(xg)

L

varience of 2 gingle X-assay

Nyw =  gumber of 2ssays par feed drum and

gimilaxly , 5
- Tizg) - 0,000 3, )°  2.48 x 107°
nm nm
- Viz,) = (0.009 2 _ s.ax 2078
7(:,-,) = ":" = @ x - «2 X
n. a_
nxﬂ o b

The quantities v(F) V(%) end v(T1), are given by

Fguations 24, 25 end 26, .

V(AIO) nee been estimated in the preceding part of this

gection as 0.23,
Substituting these twelve quantities in Equeticn (38):

Vie) = 107 154 z £15x107° _g00n2 _ 0077 7
n B - x J
-3 ap -

2 -9 R
+ ..}_[15&0 g 2:46 107 o 0,00552 z 270 ]
n By ~

Bxw
+ 38 [00922 z 86T 107 0% o 0.000:02 7.
R . n
“n n
0523 ’
+ o2

V{O ) 2 0,000 ?P 2,000039
ep e

. 000
_ + 0,008 &4 - o 0? RJ
- Naw ?7”

-+ O, 00005 4 + 0.00016
N ) ﬁxn ’ /7;]
+ .23
7”7

. o
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Since the numbder o2 wolziings of cach feed and wasie drum

han bean ssgumed for the overzll nsterie’ balance on T to be nr= 2
a3l o < 10 respectivelr. we uss 4h: sams numbers here. Further,

lotnp= Z2andp_ = 2. Tho dorresponding quantities in the
ES

oquetion ebove then bascoms neslizible,

i N 5’.6?70?’8" S "é "?‘30 %
,}//(f.-‘(‘,‘; . = -,{:/ 5;; hfd ",“JJ";‘ -+ 0 j (59)

. i/ 7 I'4 232
A 1025 e.)=2 ) Viz,) "259"'3%/?7/%} * o * 222) ()

This ¢quation should be commared with Equation (28) for
the material baience on T. It is interesting to note that here
the mogé important assay is that of the waste drums, while in the
T-balenee the waste-weighing wa3 more important than the feed
weighing. Similariy, it does not pay here to repeat waste essays

atil {or wniess) the material valance on X is to be run for over
e month. Table VIIZ indicates the expectoed precision of the
deternmination of daily rate of unmccountsd-for loss of X for

various values of D.ps Brye 804 0, 1.6., of fraquency of assay of

fend end waste drums and nurber of days batween X-inventories.
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TABLE VIIZ

Precision of Tstimnte of Unmecsunted Loes of Xy
s T4 Dapends on Number of Assays of Each Fesd Drum,of [ach

Waste Drum, end on Number of Days daiwesn Inventcriasg

[

95% Confidence Belt
on Total ¥naccounted
loss of X, kems. &

o5 Confidence Balt

on Datly Average Rege of
Uanccounted Ioss of X.

keus. i/dsy

No. of Apssys:
Por Foad Drum 1 4 2 4
Pey Vaste Drum 6 24 6 24 .
!
Days FBetvweon Inventories
] 1.0 1.0 .20 C.20
10 1.0 1.9 2.10 0.10
20 1.0 . 1.0 2.052 G.049
30 1.1 1.0 2.056 .03
80 1;2 1.0 Q2.020 (0.017
20 1.3 1.1 C.014 0.012°
120 1.4 1.1 0.0115 0.0090
180 1;5 1.1 €.0086 0.0063
240 | 1.7 1.2 2.0070 0.0050"
360 2,0 1.3 0.0055 0.00%86
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Theo values given iz Tabls TIII forn __ = 6ané i p~ 1

are

1]

nlotied as the lower curves ol zarae S pnd &£ The sssumptiona

ars summerizst ia Table X,
Ingpection of Teble VIIT chouws *hel, even for an X-delemce
runcing for 60 daya, taere is 1lu%ls to be geined vy repeated

segscys of the meip streamz. Sinvs Ths Z-iaventory term i3 by far

the largest, It is ammarcns

wrecision in estimaving .«wlosses
pan caly be greatly nnu vl 3¥ lmpreTing She precisionr of the

il -.'. e RPN :
T=inventsry. Bub, srecony Jor mevi

4]

1ons downward of some of the
sgvinatas of varisnces e‘sa\; 1% Goze not seem likely thaf & great
decl ¢an be dene to {=20eTmes3e the several variance fterms shown in
Table ¥I. The plent has £ considershle amount of operaticnal
Ta=icbility which could@ ozly be decrezsed after & much deeper
study them this of the muliitude of csuses of varisbillty that
sppear ¢ be rresent,

Vierming: Baustion (40} and Table YIII, seke eccount only
of unaccountsi-for-I due to random verisbility

in a2l gquantities measured. IY will de showp in
Section 12 that even very small, unknown biases
in measuremenis of the X-concentration of feed and
vaste s‘treamsg greatly increase tne overall un-
certsinty in Uneccounted-for-X. An equation will

be given (47) teking sccount of all known sources

of uncertsinty, whetter random or systematic.
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12. Accuracy oft X-Stream Messuremants

Tae preceding discussicn of errors in the X material
balence has bden concernsd with random esrrors, whose magnitude
can be estimr ted with reasonable accuracy, ~nd whoge effect
cn ths material.belance ean be mrde as sxr;all £s one vishes by
inersasing the number of meastrcmeats and/or the number of days
teswaen in ventories.

Tn sddition to these rendem errors, sach of the quaniities
entering the materinl "nlwmece equetion will be affected by con-

sistent errors, or bi:s, which remain constant during.the entire

perioé of measurement. The effect of thess consi.stent arrors .
on the X meterial bolance cennct be rgduced by increasing tho
nwmber of measurements, and they therefore get » definite, but
uncartain, lower 1imit tc error in the X material bwlance, no
ratter ho¥ meny measurements are taken or how many deys are -
ellovwed to elavse betwsen inventori 88,

The X meterial bnlmmce equation wich is to investigated

for the effect of bins is

.llr _ v . Ah —
&= (2 S22 W2 TV - ak]

The terms in this equation have been defined following equation-{34)

Bies in ¥, W snd [] would take the form of consistent

errors in scaie.calibrations or fzilure to allow for contaminant

in feed, nroduct, or weste. e shall assume that calibration

e




errors are negligible {lesg than 0.1%) and that contmminents are
either ebsent or uznalysed for. It should be noted that con-
tamin-nts have occg:"sionally been r enorted in the product; these
ave not notv being analysed for and constitute = nossible source
of error in the : meterinl belanee vhich should be checked.

The effect of bias in the chenge in X inventory has
already been sllowed for {(Psrt 10), so that A X, mny be neglected
hers.

We have then tc invesiigate the offect of bims in the
fesd, woste and ~roduct assays.

At the pressnt time product is assayed by abséluto meng-

' urements by the mass spestrometer. No information is avdilable
et present concerning the eccurscy of these measurements, although
1% is unlikely thnt & svstemtic error exists larger then 1%
of the X-concentration for X-concentration nbove 10%. It is
proposa:i %0 prepare synthetically standerd samples of material
near nsroduet nurity hy'mixing weighed nmounts of nearly pure
U-238 (sbout 0.03 weight per cent X) and highly enriched X.
ALssay of these. standards by the absolute method will indicate
the sccuracy of the metiod (within the preecision to which ihe =
concentrution of the stendard is knowa}.

The feed assay st ni'esent iz vary uncertain, values
baing renorted by different laboretories between 1 part X in
136 and 1 nart X in 139, It 1s proposed to oxepare a synthetic

. gtenderd of nbout this concentration, and to determine the actusl

feed purity by mess spectrometer and fission count relative

—,
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meesurements of feed sguinst standerd. In this way the feed
a8say c¢sn be deteﬁnined very nearly to the precision with
which the concentgation of the standard is known. |

'I'he' waste assay et present is determined by fission
count relatife measurements agrinst feed, Th§ evalustion of
bies in these relestive mezsurements is impossible at present.
It is believed t0 be not grenter than 0.5% of the ratio. The
preparation of synthetic standards of =bout feed and waste
purities will permit such en evaluation, both by fission count
and mass spectrographic metrods.

Equation (41) w11l be rewritten in terms of Tpy /X

and Xn the quantities whose systematic error of measurement
are thought to be most nsarly independent of each other in the

statistical sense.

= F - Ewg - -
o, = xpl¥ -—ff'm x, n 4%, (41a)
vhere .

F° = daily feed rate i1 kgm. T/dey

W daily waste rate in kgm T/day

' = asily produet rate in kgm T/dey

lat Vy(xp), Vylxy/Tg), ond Vylxy ) represent the variance due to
"’ * ‘
bies in the essay qgantitias. (For exemple, the value of ¥, (xy)
! : .
would be estimted from the precision of = synthetic standard

used for a careful comparison with normal feed.) The resulting

. varience Yb(_cx)__ due to bias is given by
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eOioo.

e ~ Win ), -
L//ex/;/—z# 2 z(z,c)# Wi //1/ /7 ) (e2).

!

or

* 7
now, /'zﬁ - W-’#m =/, Xp and

T

/{oﬂz,;‘_‘-"-’)d’éfr"
Y () = [ 2252 = (5555)

]/ ( 2(,,,) [ @//5}/&5 A i 7:_ Pac /‘4») -
£ Xe /- 2 -4

QOO0 - Xpe

(5 [5

'*/{ (e‘) = Z:ﬂ/ A 1' i‘/ef;%ﬁj:" {270257 ﬁ‘._] ‘

(43)

whers A= 95% confidence belt in Xy, expressed oS e percent
of Z?
P $5% confidence belt in xy/Xp erpresqed s & percent
of Xy/Zy \
Ps = 95% confidence bell in x arpragsed as & vercent
of

We now assume numericel voluas Tor the quantities in

Pruation (43). {12, is adout 2.7 kes. WZ,will be tnken s 6.2 kega.

Y le)=000030/ " #5300 # poiid (44)

d“ /0.06; EJ = 0.027/{,0,.‘ + 523 20 f-/),z ’ <6‘f)
%
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It will be worth while

- sgme probctle values of the P
. :

Sagumad Percenteus Pies

. Feed Ratic of Procie
Lnsay, Wests {0 ABBLY
Fead Acsey,
dia Tl Xy T
I 18 0.5 1.0

0‘5 OU"'
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1he first lixe sorresponds %o th2 gritergt bept #ETimavs

of currTent sonditions {3/13/46:.
strtainty due to blsses in Xy, i
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line »epresents conditions viign Li 15 hoped will be recched
withir the nsxt v moaths 2w I-538

15. Totel Uncertoinsy o T-a:sanicl Boalnnce

Bguasser (140 will wow oo sombirned with Szunvicn (39)
to mive or. equation rosemituls. she sstimetion of the totel

uneertoiniy of 2 -retericr L cze ont XK. (Vi vepmasents the total

varicnce cus 0 IINGCT. 21t Con 3148,

VR 21 % A G A 420 7
() — "=/, T = Tt TS /
a‘ G 27 . i B i, -
- « o~z - v 7
T Ll . Falt ) .//O; 7 ~3_/

les /70 = 1 avd /7x, © &, £:nes inrger velues will nof grsatly

Sy L5 i1 T Fou - N T
é‘} /fx} L"'M/)/O // [ A o/ Lf ""'3/’* 7/‘3‘-4]“6)

/ TS
4 3 ~ oz ‘l- - d / - i _Lé::— M / t 7 L
or A, (005 ) - LesYEltr JrClf 2 374, 147)

This equation is groshed in Pigure 4 for three sets
of vossible values of 74!:1, 7% and fige 8ines o i the decisive
biag, it is5 given voluae of C.5, 6.3 »nd O.1. The other two
per tent biages nr¢ riven such w=lues thnt they make the sume
contribution %o the total uncarizivty in e6x. The total uncer~ -

teinty in an X-balsunce rur over r days is shown in Figure 3e
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It is seen that, undsr present conditions of bisg, an uncexbainty .
of 30 kgms X/year is vossible, even {2 =1} other reauiremsntg

of this r-wort srgq met. If, however, the conditions of ®resumption
I1I® 2en be met, them not nore tﬁan +5.8 kagns. Z per vesr will

be lost without.belng detecfed.

14, Precision Recuired for HNiscellansous iinor Stresng and
Inventories. .

The sbove enmslysis nas ignored n nmurder of rinor streems

inventories within tie envelove. Yost of the siroems are omell
and are normally dstermined with sufficient precision thet they
make no notieeable comtribution to uncsertainiy in ths ma"'ceria}.
bal~nce. In this catsgory sYe ‘
Laboratory Samples {20)
T, joet from alumina and earbon trevs (26 and 27)
TFg from fluorination of converters (4&)
T Oxides from diffusional squipment, vacuum
pumpse ond cil, snd miscelleneous arterials
(52, 82, ~nd 72}
Eariched TP, caseade feed {14)
‘Miscellaneous cescade withdrewals (16)
The following streems should de measursd xvith pracisions
set according to critexfia gimiley to those used in selting the
precision of normal feed and waste:

Deplsted TFg Cascada Feed (13)

aste from mobile umit  {19)

.ﬂ.ﬁ:@.l-‘




The precision raguired for cvint snlumina end e~roonr (34 and
30) »ill be discussed delo* -

"he inrveniories of ¢z Toliowing operz=tions ghould be
reduced to msre al inventoyy “ilnc or evzlusted b post-inwntory

eleancut.

4

Tupge and Lz cvoary Vacuum Pugps (L)
e L) RWeseuvs *;;' coli Trapa {10)
rlusmens o op <7 Gonwerters ()
Ceconii-  ..olecu Unerakion (R, T, ané V)
Resover: .vewations (5, ¥ and W)
It would be Gesirnblie 5 dump =11 sluminum and g=rbon
2ps 3 »nd N} at etch inveniory time, thus reducing their
Pirnventories to zerc. However, there is lidtle loss of pre-
cision in the ovesell matarial belence if Some treps Temaln
undunped for ¢ nuiber of inventory veriods, nrovided thelr X-
content is imown from their onerating hisdory w0 be less than.
n gpecified amount. On the asswmption that 24 éarbon ond rxluminum‘
traps are nopmelly in use, go trap need be dumpec rt inventory
time {7 its X~invertory is xnown 16 be less than 0.05 kgms. Aa
umcerleinty of 0.05 kgu. X in esch trap will result in & 6%
inerease in the uncsr“sa'mty of the total X-invensory within the
paterisl bpilence envelonme. This is & tolerable increase.
Ths T snd X content c¢f travs vhich zrs dumped should
be determined with suf”icient orecisicn to =34 & negligible

amount to the uncertrinty of the material polance. This will not

m=mm—
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o

require & prohibitive number of csamples feor chemical isotoric

analysis, sinee the amount of T ond X involved 1s upunlly small,
2

15, iocalization of louses.

Losses 6f T or X ip esch Section of *he Cescads canmot
by determined Ly mnterizl balznce —-ihcds on T or X. Tor Sec-
tion 4, witih the smallsst flow of vroeess g5, tha heads flow
is about 5000 kgm. T per dey. The estimated consumpiion cf T
in this section is 0.12 kgm. Ter day. Thus the flow into the
building would have to be relisdly estim;a.ted to sbout tan puris
per million in erder to measure the T consumed vith t50% precision.

This ratio iz entirely unrealizeble -=nd therefore a {ifférent

method for localizing losses c¢f T and X must be devised.’

By mnking reasorable guessss cbout the rel-tive con-
samntion of P in the different sections of the crscede it ie
possible {0 estimnte the -arere.ge X-concentration of the consured
meterinl, The X znd T meterisl belances will permit sn independent
estimete of the X-concentratior of ihe unsccqun'i;s& locses. If
the latter wv=lue is sisgnificantly lover than the former, it will
be amparent that 2 dispropordiznete emount of T is being lost
in the lower pesrts of the casceds. This need cause no gresd
corcern but a rough indiestion cz2n be given of vhich casceds
Section should be investignted.

If, however, the nvermge concentrztion of X lost ise

significently higher than is exmectsd on consummtion-grounds,

then the probebility is high that mnterial is being lost from

the vpper parts of the vlent. IZf 1t seems likely uhat the

R——
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more sensitive to iiithdrowals,

¥, % #i1l not bs
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get of crscads inveniory snmpizg be tcken =nd analyzed for 2

pendent check on overall wmacccunted loss of T sznd X,
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then the likelihood

. very careful imwestigstion

sossibility.

ge¢ up for the szme

Assnys by the aliphe-

counting method are morz nrocigs hon sither the rission~counting

worthwhile

oe - azls olans Por the preeision of suek a

single Mol

80

thet an estimate cf the possible precision csn be mede,
turns ocut t0 bde roughly the

yvlnnee ¢an be uged s an inde~

I,

hovaver, ithe distridution of 7 ig more heavily wesighted toward

the top of the cescnde, then the materiel balapce on Z vill be

or diversicne from Sectiom

4, nnd hence will orovide welusble control dnta.
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[ONS CONCERNING MpTEBRILY

“ac conmma FRODERURES

da. iptxoduction

The primary object of the Frocess Davclopmsent Depart-
gont im preparing ;m report has bzem to ancslyse the probloms
encountered in accounting for T and X in the diffusiom plaat, so
that epecific procedures for material accouating can be set up by
the Operating Dapartments who will be direetly responsible for
this work. These aspscific procedures will be dstermined im part
by the considerations of this report, and iz part by the praciical
convenience snd expense of putting & particular procedurs into
cffect. Yor this réaaon, the report does not mgke detailed re-
commendations concerning specific procsdurcs. Ievoriheoloss, there
are certain features that seem to be so dssirable in az;s; material .
accounting system that they will be gtated in this Sectiom of the
report, under the following headings:

General Technical Frinciples

Organization of Material Accounting

Hotes on Specific Irocedurcs

ﬁotoa on Further Techrical Studiss

In determining the emount of T and X held up im 2 particular-
operatioz or tréhsferred from ono opsration to axiother, four steps

are esgential to a complete meazsurements

{1) Heasurement of the weight or volume of mgterial
involved. .

"(2) Taking a representative sample.
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(3) Determination of the T contont of the sample, to
be roported as weight & T in the casse of paterial
whose weight is known, or as concentration of T
{wedght of T per umit volume) in ths cass of
material whose velume is lknown.

(4) Dotermiration of the I zssay of the I mresent Inp

the sampde.

An adequate material accouwating proecdure will either direct that
g1l four of these steps bc cerried cut or give assumptions which
may be used to provide ths cquivelodt information. Three examples

will serve to illustrot. tiis rules

The ret weight of the contents of a drum of sl;ent carbon
is determined. 4 representative sample of the drum contents is
taken by approved sampling msthods. The T content ard the X assay
of the sanple ere determined by the laboratory. This procedure
mokes use of all four steps. However, if the carbon is known to
have been used for the sbsorption of IFg from normal feed drums
sxclusively, the X assay of the sample may be omitted and a ‘Val;ls
assigned from the assay of fosd reported for the period during which

the carbon was in uss.

The net weight of the contents of o weste drum is de=-
termined. The contents are melted and agitaté&, and a represeRe
tative semple of the liguid is run off. The X asway of this sample
is determinsd. On the evidence of lins recorder analyses for the.

period during which the wasté wa.s collected, its T content is
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assumed to be cquivalent to 100% TF. Thus, T analysis of iho

waste sample may be omitted.

in thi; example it will be assumed that e drum of TFg
foed has besn sampled and analysed whem originally received by
Coded Ghemical’;. The drum is reweighed vhen it 1is shippsd from
Goded Chemicals to Frocess and is weighed sgaim whon it ia ree
tureed parcvislly emptied by Process. If tho handling of tho
drum has been such as precludes tho poesibility of contamination
of the drum, mo sawplcos zeed be talton or cralysss made when tha
drum is shipped to Process or returzsd by it. The assumption is
medo that the originmsl semple and snalytical rosults proporiy

doscribe the T and X comtent of- the materials withdrawn by FProcess.

Ong of the most important precautions to be obaserved
in taking iaventory is that ell materisis contaizing T are ime
ventoried once and that mome are inventoried more than omes. One
inportant aid to this mrecaution is simultansous idontificaivion
of the matorial to bs inventoried throughout the entire plant..
£11 persomnol concu'-nsd should be informed of the examct tims to
which the inventory is to refer, with cnough pdvasmrce notice tc be
preparsd to carry out their dutisz at that tims.

Inventorf t.imeé mark the beginnies gnd end of material
balance periods. These periods should bs of spproximately equal.

lengths; an interval of four weeks or ons month betwssn inventories

has bsen suggesied as appropriate im the diffusion plent. '
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Two gensral precedures may be ussd at igventory tims.
On ths» cno hand, material whose flow canmaot be interrupted muat
be msasured and sampled preciscly et inventory tims. For ine
atance, ths casc;da inventory mist bs dotermined by gimultameocusly
recording all tails pressures, velve angles and nitrogen concen=
trations, aad ’{:aking essay samplos ss close as possible to the
time to which the imventory is to refer. If these opsrationms are
not carried out simulienccusly, = surge of mateorial may escur
Zrom ome part of the plant iaventoriecd befors the gurge to enother
part of the plant inwentcried after it, and & fraction of the T
pey be inventoried tiulics.

On tha othor hcnd, eaterial which is or can be isolated.
moy be sst aside so that T cconmot be added to it or removed from.
it, ecnd the amount of T end X dotormined at the operatoriz comvene
jence. For instance, tho inventory of a particalar wasts cccumue
lgtor could be dotermired by valving off the accumulator at im~
ventory time and later dreining, weighing and sanpling its contents.

Thres methods available for teking inventory of operations-
through which flow may be imtorrupted at lumventory times arei

(1) Dirsct moasursment of inventory

{2) Pro-inventory clean out

{3) Post-inventory clean out

Dirsct masnremant is the obv:lcus procedurs of weighing
the contents of & drum or measuring the liquid level or prossure
ina vessel, and taking a rerresentative sample for analysis.

Whon it is impossible to measure the amount of material
held up im an oporation with sufficient accuracy (as is a cold trapl,
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or then a representative sample cannot be gecured (as in a carbon ‘
trap), the socond or third procedure must be rosorted to. og

those, the second is prefergble. It is simply the obvious oxpedient
of drainimg or ompﬁ;ing the vessel just befors inventory tims, so
that at that moment it does ‘mot contain a significant smoust of T
or X. As an ecxample of this procedure, all cold traps should be
snpty at imventory time.

Bhen it is impossible to measure imvenmtory dirsctly or
chen gll Tecontaining materials cannet be cleamed cut of an opgrat-
ion et imventory time, the third method, or post-inventory cleane

out, must be t;sed. In this, all material isolated st inventory
time is procossed through subgequent operations without loss of”

idontity until it is converted to such a form that it can be ascuratsly ‘

measured and a representative sample secured. Dreiniag a waste
accunmulator to determine t._he weight of TF6 in it is g simple illus-
tration of this procedurs. A more complicated example of this
method is afforded by the procedure recommended for taking 1nvont§ry_-
of dscontamingtiom and reccvery operationms, which will be described.
in the following paragraphs.

The particular example of taking inveatory of T and X in._.
operations R and S, decontamination of and recovery of T and X
from diffusional equipment, is cited. It will be assumsd thal at-
inventory time thare will be in process im these §parations e
mumber of pump parts to be decontaminated, solutions and sludge
in the decontaminatiom tanks, and solutions and mrecipitates in-

the recovery equipment. Becauss of the heterogenous character of”’

this materisl, it will be difficult or impossitle to determize

-
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the emount of T a=d X im it ot inventery tims. The material
ip tho decortasimaiior tamks concists of a mixturs of sludge,
scele and solution which will be difficult to sample in & ro-
presentative ma.:mer, ang the pump perts contaim a layer of re-
duced T whose amount obviéusl:r camnot be determined without
furthor proc;ssinge

The first step ie taling inventory of these assorted
materigls is to idantif;s"‘aham, end all forms into which thsy
pay bo converted, iz some distinctive manmner, oo that they can-
ot possibly be mi:mi or confused with other material to be
cubsequently put tirousi: those operations. Tho usze of tegs wkose
coler. diffors from the togs used om material %o be processed iao
the ncxt material acccunting poricd, to identify all’pleces of”
equipment and 21l operations in which T is to be rocoversd snd
crodited to thie imvertory, is an expedient found useful at I-lz;
A gecord step is %0 dfafer processing naterial from the moxt
material accoumting period until all of the materisl to be in-
ventoried haz bsen rut through a particular operatioa. For
instance, no diffusional oquipment from the next period would.
be docontaminated until all of ths pump parts on hapd at im-
voatory time had beeRdecontamizated and the solutions and sludges
in the decontsminating tanks completely ¢transforrad io the re-
covery department. ZThe final step is to procoss all of the
naterial to be imventoricd into resdily woighed and sampled T~
oxide. The T grd X found in this oxide is credited to the in-
ventory of operations R and S at inventory time. Ia the procsdure

as described, no effort is mgde to distinguish beiween the iaventory

.
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of the irdividual opsrations. If desired, this could bz dome
by clsaning out S £irst, and then clsaning cut R and S sltogether.
Post-igventory cleancut has disadvantages:
(1) The results may bo low if losses cccur during
.. processing.
(2) The results are delayed until processing is
complete.
{3) The use of the operation for the next pariod is
Vdofcrrad until it is no longer required to come
plete the inventory.
Dogpite these digesdvantages, post-inventory cloanout is occasion-

ally the only methcd of taking inventory which can be L}sad. Faver-

theless, it is obviously preforzble to clean out oquipment prior
to irnventory time and refrain from using it until aftor that time
has passed, whent¢vsr possible.

then an accurate material accounting system is to be mat
into effect, it is particularly important that all miscellanscus
materials containing T and X either bs cleansd out before the first
psriod starts, accurately messursd in the first inventory or care-
fully segregated from subsequent processing until they are converted
to inventorizble form aﬁd charged as an additionml shipmont to the

‘fc ‘determine the asmount of material which hap bzon transe--

ferrod from ons operatiom to another it is prefergble whonever

poasible to weigh or measure .the volume of batches of material

transferred, instead of measurirg the flow rate and integrating it.
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%o obtein the total quantity of matsrial. Similerly, it 1s
preferable to take £ represontztive gample of batchme. of matorial
trensferred than to take a cortimuous sample st a rate proportional
to the rate of tzlansfer. 4An exzertion may be made vwhen it is
knowm that the; compositicn of the siveam is cubstentlally constant.

It is deosiresble thst Lxo ’indepsndcnt moagurencnts be made'
of the gmount of moterial t=znsferrsf at the most important points,
to catch an cccesionsl gczidocnial erred, éuch s8 misresding of e
recie. Theseo two mcasurszonts cco cdventageously be made by the
operatior shipping . umsotoricl end by ¢he ons roceiving it. The
material accounting srosciure zasuld cpecify which moesuremont is.
the official one, or wvhotaer the aversge should be used. Ordinerily,
one gample gt the point of crigin or'z‘ecaipt should suéfioe.

Ykor tho weight of materiel is evaluated from the diffeér-
epce in woights bstweon 2 full and cmpty comtainer, these two |
weights should glmrys bo determined oz the same scales.

The irregular, unlistable, unpredictable transfers and
changes in inventory that mey cccur in z plant as large as Ke25
constitutes e serious potential scurce of error, beceuse a sizgle
one of them may completely vitiate the estimgie of consumption
that 1s the primery goal of the matsrial balances.

A crew of emginsers will have tc; be charged with responsi-
bility of zeeing that mo "gpare drums” happen to be lying sbout, or- B
ere rempoved from the materisl balwe envelo‘pio during the balances-
period. Borrowings for experimental purposes, drainings from
large pleces of squipment, spills ir Ssction 600, vented rrocess
gas in Sectior 312, end the 1ike ars all likely to be hiddem or-

e




forgotten unless their {mportsnce is rocognized azd a procsdure

for reporting such incidents is established.
A

The Tiost important single factor in easuring the success
of a material accoumtiag eystem ie propsr organizatioz of per-
sonnel and methods for the work. IHaterial sccouriing can be
gimplified gnd made more accurate if carried out according to a
syat;ematic plan and schedule, aed if =21l porsons izmvolved cre
working under the same gt of instructioms. Since these subjects
are concerned with plant organizaticz rather than with technical

procodures, a discussion oi them is perbaps out of pleee in a.

technical report. Neverthelsss, thoy ere 2o important to success-
ful meterial balarces that this pard of ths raeport has ieen dsvoted.

to gonseral suggestions for syutsmatizing raterisl sccouniing,
which should be of value in any specific plan or organization
developed for thig purpose.

A materisl accou.ntibg section should be orgenized, with:
a.technicel staff composed of chemicsl engirsecrs and cccountents.
This section should consult frequently znd werk clossly with the
Analytical laboratory and the Frocess Development Departmont. |

- ' .-"m ~

Himwérs of. this Section should be located in a.

naterial sccountirz office from vhich material accounting pro-

cedures should be issued, to which the results of material accounte-

ing measuremonts by the operating dopartments and ths leberatery
should be forwarded and frow which rerorts on plant inventory;

a : _— .Im v
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: yields and material bezlan3es should bo diatributed.

(e) Flow Sheat and Tarmizglesy
Upder thq loedeorship of the ¥aterial Accounting Scction,
a material flow s;wet axi terminoiogy for describing matorial
handling should be approvsd and adopted by the Baterisl accounting
Section, the Frocess Division, ard the Fignt Henegement. Figure

A of thip report is sugzested 28 & point of departure for thig

parpose.

£4)_Dotailed Mebuarmic, jcpmnhire Broceduros.
gz Scetion should draft deteiled

The Dntoris® ‘ccoundd

procedures for acecunin: for mebsrizl ia every opsration and

every transfer reprusciicd in 2n the approved Yaterial Flow Sheato

. The responsibility for esrrying out each procedurc ehmald e
unambiguously sssigmed i & apecific Gopartment. Agreenont cobe
cerning oll details of esch procedure should be socured botween
the Material Accounting Scetlonm and the depa: 'ment Lo which it is
assigned. It ehould be tha rospenoibility of the Katerial Accounte
ing Sectionm to goe that il procedurcs in us¢ B the Var:.ous ‘
dopartmests ere genarally concistent and suvecsptible of giving
the Gesired pmciaica in oversell material bulances, aven though
some lauitudo in the procedures is permitted the individual de=

partmenta.

(o) Iuvontory
The Eaterial iccounting Section should fropare forms whiab.

‘ will have spaco for all masummnts reguired for cach imventory
and distribute these forms to the depsrtmonts responsible for tak-

ipg inventory of each operation.
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Forms for takimg inventory of connected process vessels

should list every vessel for which data zust be supplied. These
forms should indicate what data ere required for each vessel and
should indicate "vhich vessels are to be sampled. The operater
taking invontory should supply gll of the data requested on the
form and should supply the mumbor assigned to each sample taken
for analysis.
In taking inventory of the contenta of discoannected

vessels in stor-aéo, the usual prscautiocns 1n taking physical im-
vcntorw-should be observed to ensurs that svery contairzr 13 ine
ventorisd once and none mors than omce. The operater should ri-
coﬁ on the data sheet the contaziner mamber, ite gross and tare

woight or other measursments of quantity, and the mmﬁer esgigned

the ssmple, if one is taken.
{£) Transfer

All transfers of material from ope departmeont to another
(excopt laboratory samplss which are describad in the next para--
graph) should be sssigaed e shimment mubor, froferebly keysd.to- .

a:master floiuhaet like Figure A. Each coatalnor should ba-

given a tag whose color is descriptive of the material balance
period; om sach tag should be noted the shipment mmber, the time
otq,,shiﬁm.nt, the -transfcr route and the number of the ana.‘lytic'al;
sanple, if ons is taken. The department originating the shipsent
should send a aoiico of shipment to tho department receiving it;.
with a copy to the Material Accounting Office. Similariy, the do=
partment receiving the shipment ehould send @ receipt for it to. ()
the d.parmnt originating the shipment, with a copy to the
Hatorial Accounting Office. Y%hen the material accouatisg preoedurs




w125
-4

calls for weighing or measuring a shipment, the depertment re-
sponaible f£or this opsraticn should record the resultis of the
measureoments on its notice of chipment or receipt. When the
material accounti‘hg procedure calls for taking e _samplo for zns-
lysis, the zmumber and weight of the sample should bs recorded on-
the notice of .;hipment or racaipt. This procedure will give thn
Eaterial Accounting Office all the information it needs corceras -
ing the shirment of meterial from one department and its receipt -
by eacther. 4
{z)_Analyticel Samplss

EAch gsampie _cr anslysis sghould be given a tag whose
color 1dentifios the poricd im which tho material sampled belengs.
The data to be noted on the tag will dopend on whether the sample:
represents un invontory or a transfor, as noted im the fgllom;
tables

Jnventory Irensfer
Operation Letter Stream Fumber i
Deseription of Opsration Description of Stream "
Batch, ILot, Vessel, or Shipzent Humber R
Drum Fumber (if any) ‘ L
Sampie Nunmbor Sample Namber e
Date of Sample Date of Sample ﬁ &
Time of Sample Tize of Sample Sl
Beight of Sample Yeight of Sample o

Egch sampls sent to the lgboratory for analysis should..

be accompaniod by a request for cnalysis which should specify: thu .
regults desired from the lsboratory ard the mothed of amﬂysia or-
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- dogree of .—ecision requirei. A copy of each request for anmalysis .
should be sent to the Material Accountimg Office. Each request .

for mlqgh-shoum contain all of the information given on tha
| sanpls tag. ’ |
(1) Raporta.of Acalysis
After laboratory has completed a group of analyses, these
should be reported to the dopartment submitting the samplos and to
the Material Accountimg Office. The reports of analysis should
contain oWh of the information listed in tha request for amalysis .-
to positively identify the sample and svoid confusion with amy- '
other material. | |
{3)__Schetuling Avalytical Resulis :
Since if will ordinarily be impossible to work up e com= .
plete msterial balance until all analytical results have been re-
ported, 1% will be important for the lsboratory end Haterial Jccount-

ing Section to develop a procedure ‘which will prevent ummscossery
delay iz the conpht;icn of tho sanples from a particular materisl.
sccoustisg period.

(k) _Unita.

The units in which all data are to be reportsd to the-
Material Accounting Office should be agreed om in advances Gémplete:
consistency ia reporting is apparently not cbtainable becauss, for-
example, some scalum calitrated im pounds while others are:calis-
brated in grams. BReports from the Hatorial Accoumting Section:should
be couistcntly in one set of units, preferably metric.




)

Fos S
e

_in the past, the use of codss to disguiso the true
concentration figures led to occasional errors. It would be
highly desirable if parmission could be sscured from the Army
to disponso with codes altogether. If this cannot be done, the
code should ’oo simple, like the one mow in use, am if it is
ascessary to change it, the change ahould be made only at tho bee
ginning of a new material accounting psriod.

bon-Botas on Specific frocodures

Bafors final specific rrocedurss cam be established
for each of the operations and transfers showa in Figure A, a:
caroful study of each item by the Material Accounting Sactioa
and the responsible opsratiag depertment, with eomltatm by
the Engincering Dopartment, will be needsd. Provisional pn-
cedurss should be drafted, given & trial, anmd nodiried as re--
qu.trod to improve prociaion or simplify operations. Study of”
soms of the more important specific procedures has been imitiated .. |
by -the Lngineering Department, Notes ocm opociﬁc procodurnn-
commendsd for each transfer-are summarized in Table IX amd those
for oach inventory in Table X. Those notes recapitulate rocomnl-
ations mede at verious points throughout t.ho text. L

¥hen procoduru c.ll for rcpoatod nighinga to inpron T
precision, it is of the utmost importance that the weighings be
stgtutically'indopauhnt. This requirement can be closely met-.
105

[ T8 Diff-ranﬁ «gpqrators make the difforub welghings..
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b; The several weighings are mado on each drum at ) .

3 _ | different times of day, requiring the removal
| end ropiac:l.ng of each drum on the gcales.
s. Bo'oparitor 1s allowsd to ses the veight racorded
by snother oporator.
ds Som adaptation of the new "statistical weighing®
techniques 1s zsis. (This problem will be.
atiﬁi-df) |

Table IX calls for 10 independsnt weighings of cach full waste

drome. It will bs especislly importsnt in this case that the
bo romvod from tho a_;alca. replaced and reweighed Yy ak:u.:l..d

and comiontioua op.ratois vho usderstand the mpormco of* their-

O
-

3

Mthortochneal ptudies which will be helpful hdo-
volopd.ng th.so lpoci.ﬂc procoduroa have bsen given iz Sectioa. III.
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Deriveiiosr of Certnism Stgblsticsl ond

Booprzoslorn o l=lozor Bruetions

1. Zexdom krros.

The epcste ol Lo oo ol avereza Veluss lss in
4hs balicf ikat many somoil Jlousrliog Yectors occur ob zapion
apd that, *L.hﬁz"s.‘é’o-. s She Clnuzh L owopwobiul e Leaserenznl 4s
$0 irercasc tho 1l liiol Lol il cifccts of rendom dlzturbs

- " T o . L e e s e ra Ny X -
zaces will vplono: O oLl wmh Ly zosd, toun, o m3LDUTe

g e ot . -
of the wagzilode oo

dicT ebanete of o set of DRasures

v oa, & . 3
oty &n

%3

w3 olec © .. i oLial fore salenlatdns the cffect on

&

e

¢ dorived cuantity, of romion dlsturberses in g privary
Zeasures quadliiy.

Tae Pundcmonlel moazovre of oegtisr Cue to randon
disturbarer in zellicd yh; wowiomom . The varience of a sot of

mnwbers ie defined gr it run of b couerss of the diffcrences

botwesn cacn mmbor on

- - s hY
grithmeuic overnze or mzanj, divided
v one icsg shan hc murber of mumbors in the sote For o dise

crote sot of mmbsre, Lis 30D,

) vy, Dof. {(4=1)




Gt b

whers {x) is a *distributior Function” giving tho
relative frequency of cccurence of x's im cash
{nfinitesimal range dx, for all values of x.

“he distribution is normalized so that

[: b o) dz =/

The verisnce of sn actual set of repoated amd a*igeraged
neaaaregonts, callsd tae gauRlS=FanisrIcs, would ba __:é_j/ [ - 'Z/:z///y .
The muantlity ciafi;md sbove is the bost estimate of ths “true,
or “Population® wuriance, bassd on a sample of ¥ measuromenta.
The aroof of this fact cam bs found iz mast shallsiies texts,
€.ge in references (1), (2), €3}, {4) and {3). .

The only assumption msde go far is thal %tae mcasurements
zefe actually sampls ths (infinite) population of possible
vgluss. This is equivalent to an sxistonco-statemsnt about tho
population, and to the -assumption that the individusl measure-
mznts ars indapandant“‘cf sach other, i.6. random. These susumpte
ions are_cleaz'ly nscossary if the sstimeted population variance
V(zg) ie to be used in prediction or in deacription, sioce if
ths underlying pomlaiion changes, or has changed during the
meaguroments, then the set of mumbsrs cbiained has penpled nothing
dofinite end no pmdie_:tion can be made.

Ezpressions for the variance of sums, products, and cums
of rroducts will now be developed since il the equaiions

describing inventorles and msterial bolarces ers of thsse formse.

The impertant assumptions regquirsd vill be indicated in tho

course cf the derivations and thor surmarized in o groupe




Suppese that e cuentity 4 is kxnown to be the sun
of two quantitleg; B exd C, caeb of which is moasured
seporately
4= E+C {4=3)
Asgume that sr error, .2 B, is mcde in measuring

B and an error, £ C. iz mzie in measuring C.

vaious_ly,, ,
‘ =/ 2 2) = {(C+ O
LdrtiA = E 2 L) - ‘(C 4 C) Cenr (aed)
waere £ A ig tho usres Lac ; & using Egquation {&<3)
or L= L0 {he5)

@A) GO 2@ BN g

Now assume that E and C ere each msasured a lergm
mmber of times, I. 4n equation of the form of {2-6) will
nold for each pair of mcasvrementz. These equstions may

be sdded to give:

Z(A,{:’)‘\:;(A 5)1'*%(/_1 C)a;‘- 2.”2-'646)(45) (47)

We pow nake our second major essumption; that of
statistical Jrdepsndoncn. We assume that errors in measur-
ing B are rnot correletsd with errors in messuring C. 4
positive errcr in messuring C, zs with a negetive ocme. If
this ia the case, then the sm > (448)/4C) w1l oot
ba large, but ths other two terxns”on the right of Equetion
(4~7) will increase without limit as the mmber of repeated

neasuremonts of B and of C is increased. We may then write ‘




SUA) Zbs)  Flacd ,
=17 ey, T TN =7 {4=8)

Sach of the three quantities in Equation {4~8) is a
variance, as can be esen by cozparing this equation with
Equation (A.»i). The quantity on ths left is an esitinate
of V{a), as deduced from the estimatos of V{B) and ¥{G)

which zppear on the right, ¥e may write, iherciore,

ViA) = vs)+ Vi)

{£<9)
Expregsed in words this squaticn simply ctates that,
{under the apsumptior of statistical independonce of the
two sunmands) the variance of the sum of two terms is equal
to the sum of the variances of the ierms.
It 4s obvious that & similar rule holds for the sam

of any number of indepeniently msasured torms. Thus

ZF A= Z 4 ,
' < _ ' {A-10)
Then V(A) = “ZI v(s.) {a-11)

The operations of “pumming® ard "takicg the wariance

of" are, then, commtative.
V(Z ) =Z yve ) {£-12)

The annlogy bstween the derivation of these equations
and those of elemertary ealculus is quite close and will becoms
clearer below.

I% should bs exphasized hore that no assumption wikatover
about the forg of the actual frequency-distribution of 2hs

.
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orrors in Ap, By end C tag bsen uzde. The eguetions derived
ebove and all of %hose bsleow ers, of courss, valld if the
distribution of errers of nsasuromend fcilows the Geoussian,
or "mormal® lay, but tzie rosyriciicn is not at zll pegoaasry.
Several recent booke desliirz vii: recpagation-ef-error
equations for physicsel ccicnilzis crv im error ok this poimd
{e.go Shermoot, T. E. uxd lsed. C. L. = Applicd Nethomatics

4in Chenmicgl Drzineerinz. rozes 375 sv 3nq. ).

Suuations 2 arg ¢ ool luatlop VOI ere perticuliarly waln-
able beeasuse they -+ o7 oo catinmoue the uzeertainiy in oo
averaze of ¥ irdepcoic.. niasurcmsnias. Louation £ can bo

derived directly frem lcusiion (4=11). Suppese that 21l the

By are msasures with thz scmo varienes.

V(B,) =¥ (&= --- =)(E])

a3 , {4-23
VA = 2, VE) = k Y (8)
Since A= rpe=nB {4=14) _

VA = iy 6) (A-15)

as can bs seen by carrying torough tho operations symbolized
by Equations {A=3) to {£-9), mutting o constent factor befors

the B of Equation {£=3)

g YE) = s VI

(4-16)

(A=17)




AL
VIE) = V(B.)/x (A=17)
ard, taking the =zquars root of botlh sides
s (B) = -v_.(é_)_
N ' (£-18)

Chenging now wo the nomenciature of Squation 2,
s (&)

fremm—
VN
since tas K of Equation (A-18) iz simply the mumber of moasure-

s(@) = {4-19)
nonts of a single nhysicel emtity. This relation too, is ip-
dopendent of “he form of the error=distrivution=law, althcugh
it chould be remembered that s lorge se.mple', i.e. a lexrge N,

s besk assuned in this dorivetion. It may be shown by com
binatorial‘methoda, that the semc equation iz valid fox: smell Bo
The expression for the varience of the product of two

measured quantities is somswhet different tut squelly simple.

e placs |
A= &xc (4=20}
vhon tina A7 dA =(8728)(C ~A4C)
. 44 _ a8, 4¢c , _48aC

A~ B8 a & C (a-21)

"ha last term may be moglocted when B end € are small vith re-
spect ¢o B anc G, respectively. _
Squaring and summing over ¥ ropsated meaauraménte of B and G,
Z 48:42
dividing by ¥ = 1 apd remembering that < - =
approaches zero, when B gnd C are statistically indeperdent,

we havos

aiEmtup




{L=22)

> / ' /, g
= L Y {4=23)
a & "“, & : - L
Id “rat -

Gunorelizing for ths rredust oo nirc ithon two factors

N G T A ) - -
l’f 4 = 4, ;ﬁ LN P 4 (-!532‘?1)
VI ) o s
e e s e {425)
7 d = -

By apalogy with oo -0 ton LL<30) zed (4=13)

if o=l B ‘ (£=26)
Then : z/__c_/‘:l_/ - F __/./.1/,:?; {2-27)
At = 5

Combining the fsot cxprossed in Eguationm {4-27) with
that given by Equation {i=11); re can show how %he verianse
of & zum of products mey be estimated. This is the algebraic

case ccrrégroading to an inventory {or msterizl balancu)
- N .
Letting 4 =z, Pk Cex - {£=28)
z

tw) Ve:)

VM) + - _] {afzw

v‘.

2 A
Z .!//z?" ¢

2} | {4-30)

’“L

where i ( represente oach of the measured variables Bs, Cy, ‘

cte; that is; the index «ﬂ runs through gl1 variables, B, G, — - ——
end 1 runs through all produste B; #Cc % - -~ whoee

ML o
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sum 1s kmown to be egual to A.

The form of Bquetion (A-28) shows that Zguaticm {4=30)
.8 applicabls tc material-balznce gituaticns in vnich the

t

algebrsic gua of a mumbar of cirsams and inventory-chainges
mst be estimated. Each stream or izventory=-change is fourd
by measuring several factors, such es prossures, concontzat
i{ocans, temperatures, purities, stc., and these neagursd faotors
cre the =, of BEquation {4~30}.

The relstions derivsd zbove between the varizpsss of

w

moagured quantities armd the viriancs of derived quantities,
coZ. of sums, products, and sums of products, ars spscial
casos of a geperal relatiom originally given by K. Fo Ceuss.
His mothod used Taylor's serics-oxpansion of a fanct:i.fan in
the nzighboracod of its mean valune. ZFor amy §iffaran‘§iable

function of K variakles, Z = F'\/X:)X“ -- X<) . ons can ox-

pross a small ircrement of Z, (4.2) , &8ss

_ oo.—,‘ P -62_2 ~
41*% /7.//{4;41‘ EX:]f {4=31)

The sun ir the bracitets is taken over all & variables,
end rerresents the sum of the products of the n-th powor of
a sﬁall increment in sack varicble by the n-th partial dori-
vative of ths function with respoet { the sams veriaile.
The summation sign outside the btrackots imiicates thav ell
terms of the type indic‘atad above, for n squal tc¢ each integor
from 1 0 co , gre to be added. The first (or riget hand)

summation, thesrefore, takes care of the & varlasbles; the




It ip clder ¢that ks thrse veyiznces dsveleored above,

panely, for I = I vi . Daw ALY Fom= Lz' Ax yy
are srecicl ecases, sl o whlich xzirikd well be derived from

Equation {4=31). The acrlivations given aore, however, :
gimpler gz more ingiruziive. wizer the amslegy with the
pathode ¢f clememtar) solxuiue v tofe explicits

2 we gssume viow Looop aizkor then firat order pay

< 3 3t RGN . s P S T U .
ve droppadt, thcoo Loillon wle3ds Tisomes

.-'-» By
- j“:‘ ¢ Ly (A°32)
' @
snd the usual crargticne of souaring, sumnipg over zois of

peasurecmsnts, ~nd dividiny by oxg l2ss than the mumbor of

vove of measurenenls give

A / 32 )}x
Vg =2, [ 5% y i)

< ‘ ' (A=33)

Thie eguetiom iz cuits genersl. Equ-tions (4=9);

(3-23), gud {£-30) moy &1l be derived directly £rom it.

* Highor ordeor termz may be dropped vhens

2o ths x; are "emall®, L.e. small onough so that -
their squares suffics to g:.va .mc’l:gible torps in the
cunretion inside btrackets in Lquation {4-31

be Ths fuuctiomsl rolation ig not " hwply curved®,
i.ec the highor derivztives cro s=1all opough to make the

higher order torms nsgligible. For functionsz of the ‘
form axy + bz, + - - —~ ; all higher derivatives sre, of
courss, oxacily core.
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Equation (4-30) may be put into a form that will holp
in juiging the relative contribution to toital rendom error

of meny differeit items.

s(yJ
Let ﬁ(.y) = ""@" swaich muyy bo called the
J fzastiorgl standard of

doviation of ¥

J y , the frasticnal 95 confi
donco bolt on v

aned /ﬂ(y‘) = i

Y- ", the fraction of cascede ¥y
{yo) that 1z in veszel or
location 1.

‘ We have been implicitly assuming thus far tbat ecach
veriable is measured but opes. If some cuantities are
magsursd more than once in a given lsocation, i, then, the
V(%) ¥ill be used Za Equation (4-30), and these
may be replaced by V(Z:p) //7z1/ vhere /7%,.¢
represents the mamber of repeated (tut statistically irdepordont)
megsurenents made of tbe varigbls F,.f, at the locus i. Heking
these substitutions iz Equation {4-30), we have, for csscade
iuventory of X3 (Xs)

k)= ZFU S 25

< Y’ acf B {84=34)

® rh) - ZF)S EE

(aajs)




In these two sguativns ths summstion over 1 {typos
of variable mezsured} may centain different mumbers of terns
for different whasels, or lsci. The index 4 contributos a
torm to the overslil sun for cevary wessel, or location, to
which a single group of measuraments, L./ , is expected
to apply.

These ecqucticns irdizsic ths quantiiles that must be
egtimated for = prelimivary cicdr of the rrecision of the
cascade’s invenicrr o0 T or U lsr U-234), and they =ico will
indicats bhow precic i mzasuroments oust be made in different

-

vesgels feor 2 givon ovcrsall Frccision.

It ie clegr that the mejor zsurces of random error will
be those veasels containing ths most invem‘hory, gince the terms
of Equations {4=34) and {4-35] are a'eiéhtad as the squares of
the fractional inventories. Ffurther, the major contributions
to random error dus té the precizion of vachk type of measures
ment can be sgesn by the relative magnitudes of the 2 (z0)
and the 77 (Z.() o Similarly the feasibility of
cutting dowa the coniribution of any particular varisble’s con-
tribution by increasing the T can be studied.

It vill be woll now to summarize the assumptions made in
deriving the above equations for the propagation of random
6ITorB.

1. 7The same set of random disturbing factors operate

with the samd rolative frequencies onm easch set of

measures of cech kind. Thus I/ (200) {ehers z.¢

="




S a1

2

is an observed qusatiiy) is assumsd to be the
same at all inventory periodes.

Errord of msssuromont of each variasble =rs rot

" eorrolated with oach othsr,

Errors of messuroment of one variable sre rot corre-
latsd vith thoss of another.

The errors {or variabicns bstwson megsurements)

must be small fractions of the guantitisec moesurcd.
4 sufficient mumber of irdependent msasuremonte of
oech typs have bsen nade 8o thai the

used in Eguation {A-30) erc mot sariocuzly 1a errer.
It will bs noted that the cquatioms used for muncyrie

cal eptimates in thiz report are all of the form of

Equatiors (4-30), {2-34) =nd {4-35).




A standard practize rccommsndeé to physiceld scientists
| end to engincems is that of ectimating the maxitun possible
crror in a derived mumerizsl rcsult dus to the maximum possible
eystematic errors in ssveral constitusnt subsidiary observed

quantities. The reocommerietion almost always tzkes the forms

(4-36)
n -
vhera o ( /V Lo doseribed oz the maximm
—258ibls sygsicmatic error in
S=Y l2,, 2y - - % Z,)
\ ‘ o
0 (2;) is given the valuez of the

paxims possible gystematic
orror inm =y

and the gbsolute velues ore summed.

%he error in using this equation srises from the
agbiguous meaning of the term “maximum possible systematic error®.
Ths numbsrs that are inserted for the (S (#o) are almost never \
the absolute maximum possible errors; they are systematic errors
whose probability of occurrence is judged sufficiently smell.

Once this apparently small qualification is accepted, however,
the basis for Equation (A=36) is removed. Take as & simpls ex-

amgple the systematié error in g sum A, of two measurad quantities,

B and C. Let us supposs that a systematic. error of unknown sign
‘but of magnitude 1 is thoughlto be "poszible” in both B and C.

If"pospible? 13 interproted to mean "of probabllity p%, where .
p is a1l (say 0.01), them 1t is clear that the probability

J

s




of a oystematic orror of magnitude = 2 in 4 is 0.01% or

0,0001. Similarly, if thers were r terms whose sum was 4,

each of which had a possible (e.g. 0.01 probable) systematic
arror of T 1, then the probability of en error in 4 of magni-
tude r, would be p*o Thus Equatiorn {4-36) requires a highly
varisble shift in the meening of the word possibla as it is

applied to cg(.z,')and cg(_y) o Systematic errors (of unknown

sign) in 5(1,-)that are quite rossible, will produce errors of
the magnitude given by Equation (4-36), with zn extroms rare=

nsss, and the form of the equation gives no clue as to how

rare this might ba.

. The criticism summarized above gives an indication of
one way out of the difficuity, however. If a syétematic erTer,
or bias, is thought to be Q.01 probgble then it is possible to
form an oatimaﬁe of the "variance of bias;' sud the manner of
combining variances .has already bsen explained. The diffegence
betwesn estimates of random error, zaui estimates of bilaa is that -
in the former case, a single zst of statistically independent

megsuremsnts is all that is required, while for the latter

case, different aygtems of measurement chould be sampled. Thus
for randum error variance, we need only sample a gingle universe
of measurements uh:llo for 'syatematic error, ons sghould cbtain

a rendom samplé’ of systems. Evidence on ramiom variance is givem
by data taken within the system {or method) of measurement basing
used. Such meastn'emehts give no information at all ooncsrning
bias or systematic errcr of the type under discussion.

P




It may happsn that 21l measurements are taken om a
particular variable by the game method. Say, howover, that
it is suspected that thls method mey be systematically in
exror by 1 unit. If the term "may be" me/ans that & pro=~
bability of 0,01 is a fair estimate of the likelihood of a
bias of*l unit, then an equally fair estimate of the miamo
of bias will be |

J /

Fani ) T FE = O

apd this variance may be combinsd with other suspected biases
by Equations (4=30), (4<34) or (a-35). If the “Variance of
Blas" of ths desired derived quantity is mot negligible with
respect to the variance of random error, then the two should
be added to give a totel estimate of uncertainty. _

The derivation of Equations 46 and 47 in Section VII
of this report proviae examples of this situation. If, as is
now the case at E-25, the ratio of U-238 to U-235 in normal.
foed material is thought to 1ie somewhers between 136 and 139,
then an average value, properly weighted if need be, should be
used, and a confidence bolt on bias should be computed with a
specified lsvel of certainty. It would be fair at present

to say that we are '95% certaln® that the true value of this

ratic lies in tHe range 137.5 £ 1.5. From this assumption,
_ : ‘ . 2

the estinated variance of blas would be (4L)= o.5¢.
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Detailed Caleculation of Errors in T-Inventory

k4
The variance in T inventory of Section 300 cells, caused by

random errors in the five varisble lis¥y below eres

Variable Variance

(a) Control valve angle 5301

(b) Temperature 1.3

(¢) Per tont nitrogen 0,03

(@) Per cent C-816 V 2,0

{e) Per cent oxygen < 0,03
Total 5645 (kgr)2 -

The following peragraphs ¢escribc the estimation of these
varlance, ‘
The influence of control valve angle on stage inventory may

be expressed by an equation c;f the forms

Tix s Tio g‘ 1-bg (CVik - SV3q) } (B-1}

vhere T4y = Iinventory of k th stsge ol size i ot mean
control valve positlon $¥4s% closed
T4o = inventory of stage of size 1 at noninal
conirol valve angle (Vig |

by constant characteristic of % th size of

equipment
The varisnce of the T inventory of the kth stage of the i th
size is given by: '
V(Tyda [1 - by (CVay - cvio)l 2 virgg) (B-2)
- T4 B2, V(CVyy)

SeTslT




Since the term in brackeds iz appromimusitely twmivy, and since the
varisnee of the cortrol valve angle ?(GV::;K} is econstant from stage
to sta e of the & th size, thic squatlcz may be simplifisd toi

-

WTyy) = V(Tsg) 4 .’--9 ‘?:' 1’("?{';_ ) (B-~3)
Since
= = e
Te = Z_ {; Vi
all cige ell chazes
cf L th size
{B=4)

V(“A = %% Y(T{_&\) - ”(To\) - Z,:.E-E? V(C\.(i‘s

whers V(To) =« <veriance of inventory from all causes except
veriance in control vaive angle,
ard
"y = ntmber of stége of 1 th size
Ts Z Tetal T inventory of all stages of 1 th size

at nominal conirol vailve angle

Exactly anclogous expresaions eprly for (b) changes in
temperature, (¢) ckenges in per cent nitrogen, (d) changes in
C-816 concentratior and (e) changes in cxygen concrentration.
Since the complete equation for T inventory used in this repert

is:

4 -
T=Z AP C-bea]l  RIU- i) x O

1z}

x [ - 2; (e [1 - ”asi("]- 0)]

..
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The corresponding variance egquation iss

V(T = 5 AV + T 7 Ve «Vi»‘fﬁ (56

&=l L

where the first term is the expression for the effect of variance in
fTessure on inventory given in equativn (13), and where the remaoining
terms have the following significances

L represerts each of the raspective variables,
control valve angle, temperaturs, %Ni’ ¢ C=816
and % Op, in turn

V'ir e bi’ S 1 di li and q-q.’ in turn. ‘

Niy = mumber of measurements of vericble r made
made in sectidn i1 a4 Liventory time
Teble XI lists the assumptions that have been made as %o the
magnitudes of each of the quantities requived by the right haad side

of Fquation B=6 above, Each section of the table refers tc coe of

the five variablese
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Teble XI, tart (a}

Influenee of Varisnce of Control-Valve Angle on Variance

of Cascade T—Inve'xto"y

.
X

v
V(T,) due to uncertainty in CV angle = E T ?. %_
' ¢

=3
Section T-Inventory Coefficient Number of Variance Veriance
of Section, Comnecting Control Valve in Cromtrol T-Invento
T 4 kgms, Inventory for Rendings in  Halve Read~ of Sectic
CV Devistion, Sectiocn, D4y ing V(CV)**
byx103#
-3 13,75 54 €.25 o4
-2 12.80 126 €25 5,050
-1 8.89 90 6425 6.820
. 1 8489 222 6,25 15,650
2a 12.80 276 6425 11,730
2b 12,80 588 6425 11,270
3a 10,00 288 6.25 <761
ki "~ 10,00 708 6425 « 7R3
4. 13,00 576 6025 628
Total . 53.13

#< Values of by are taken from "Flant Inventory as a Function
of Control Velve Position & Nitrogen Concentration®, by
F, Zenz and B, Velsh, 12/3/45.

- This value of V(CV) is equivalent to the assumption that
95% of the control valve a.ngle readings in each section
‘are with*=2V 6,25 = =5 units (per cent closed) of the
actual control valve ‘pOBita.ODSo
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Tobie BI, Fart {b;
Influence of Varianpe of Temperavure ileasuremenis om ‘

Variance of Siage Caseade T-Inventory
2

4.
To VR
V(To) due to uncertainty in temperature measuements = Z r
' 11e3 | AL
Seetion Tainventory Mumber of Temperature Variance in Variance in
of Section, lfeasurments in Tenperaturs T-Inventory gf
T kems Section, n3o Ueasuremént, Secction, b
- v{L)=
«3 5, 6.25 c.01
"'2 126 6025 .08
-1 0 6425 o2
1 222 6.25 055
22 276 6,25 230
b 588 6425 o19
3a 288 6,25 .02
i 708 6,25 02
4 576 6.25 oC0
Totel s 3

# This value of V{R) is equivalent to the assumption that 95% of
the stage temperature readings In each seetion are witkin
2 Zvj_ %.23 } .2 59F, of the nctucl temperatures.

p———— ¥




Table ZI, Tardt ¢}

Influsnce of Variance of liitrogen Concentratlon

lleasurements on Variance ¢l Cascade T-Inventory

V(T,) due to uncertainty in § H, = 2

tw=3 ! ’ﬁi,r
Sectilon T=Inventory ef Cosillicient Tumber liean 7lls Veriance in
Section, Connzciuing of Neadings in Sec=- TeInventory
T, kgms. Invermiory for If THp in  piomes of Section
- - filp,Q,r123 Section, keme® T
o Gl
-3 5.48 2 0.30 .0001
-2 5.00 6 0,12 0002
-1 6.78 6 c.12 +0005
"1 6078 :1.0 thg R 3037
2a 5.00 10 . 0.29 »C023
2b 5,00 20 0.67 0127
2a 5248 10 1.30 0063
B 5448 24 80 .0023
4 5,81 1 4.13 0049
Total 00330

» 1% 15 assumed that ¢C% of the Np veadings are within 103
of the actual 1\12 concentrations., Henes

a% Values of d, are taken from nmemorandum of F, Zenz referred
to in Fart {‘e.) of this Tablse

#»% These are the monthly averages for llovember, 1945,

o
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Table XI, Fart, {(d)

Influence of Variance of Uxygen Concentration leasurerents ‘

on Varianee of Cascade T-Inventory

T'Ll V(%81¢c) %

NE
000\ fl’\.i*

. 4
v (Tc) due to uncertainty in %9816 = Z

1=-3

S\c
= 0.35X10 Z T

Section T-Inventory Mean %816 Tumber of Variance of
of Section, in Sectiomw* Teadings of T-Inventory of
T.kgms %816 4in Section, kgm.<T
Section,
iy
- 3 » -2 1] -1 0 ‘ 0 °° ‘
1 1.25 2 1.9
2a 0,75 5 o124
2b ) 0.15 10 005
3a 0 0.0
3b 0.40 1= 0.003
A 0.65 7 0.0007
Total 2,0

* Tt is assumed that 90% of the 816 readings are within 10% of
the actual 216 concentrations Henee

vame) s[osr (e T2 5 0.0095 (BE16), stnee £(0,10,20)= @)
' 1.7
&% These are the monthly averages for December, 1943.

SaaeamEeyy




Influence of Variance of Oxygen Concentration leasurements
on Varisnce of Coscade T-Inventery
Since the oxygen concentrstion in the cassade is zlways much
less than the nitrogen concentration, it is clear that uncertainty
in its amount will affect the T~inveniory uncertainty ever less

than does the nitrogen concentration, Its numerical estimati-un is

therefore omitted,
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TeInventory Uncerteinty Iue to landem erars.é.n Pizing
and liinor Vessel Inventory

In this arpendix, intercell piping, interbuilding piping,
and Secticas 600 and 312 arc considered,
Interceril Piping

Assuming that proeess gas is a perfect gas we have

Tip = 0.0168 Nig F.p Vap
- ..
% 0.0168 N:Biavm ~ZB Fip

vhere T 1B = kmms T in cell vessels, or piping, of tips B, cize 2

-

83 = rumber of vessels or piping units, of type B, size 4

= average yressure, p.si.a. In cell uniits

o
ts ’
L]

= volume of each unit, in cubic feet

&
]

- number of rressure measurements nade

%48 =
35,5 < estimated average pressure in each unit, p.s.ie=.




The corresponding rendenm error cquiticn Zor all =zizes iss

4‘ -

! - el IRV Y
‘/<T5) “Z. (Q-Oi(ag fio Vg ) ( :"fx)
Ls~=3
= - = V(Be)
= 4,- 3 o~ —
IB -~ -~
iy
L&
-5 p
P ® o P -~
:4> c."@.ﬁ ‘\é!hr; Q\
- N LW T
- -F"'?a T
- o e 5
M s t'
N (I fﬁ\-" \‘.
- ';/ -f_:.}:"“:_.._ : \
-~ ~ g X ‘
& P
- = Mg YiB
=N YT S = .
e D- 1 N Ve / — -
P ’.',1"}

We have assumed that 95% of all rscorded pressure are .ithin

0.1 p.s.i.a. of their mean, If, now % s N~l 3

V(Trb = O X iO.’ ‘{/_mi_g\?;‘;

{C~2,

(c-3)

Numerical valuss are substiiuted in this squaticn in Tebie XII{a)

The total contribution to T, due tq intercell pipinz errors is

Lo kgmaa,
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Interbulléine Piping

"Equation {C~3) aprlies to this piping unchenged. The
mmerical substitution is showm in part (B) of Tuble XII, The
total amount of varicnee contribut B to V(Te) is 1.7 kems?.
Section 600, Svwrge System

Considering only the parts of Sceiion €00 that are at
high pressure, since they contain elmost all the T Imventery,
we rey approximate the latter by
{C=4)

Teop = KV -?—69-9— kems

e now assumo

PFeoo - = mean pressure
Rf:o oz = mezan temperaturs

KVe00= 28,200 = Volume times a conversion fzctor

Téeoo =

The random error equation iss

(c-5)

V(Te00) = Tepo® ( vg'ﬁﬁgg1 vgn)
Peoo )




If 95% of the pressures recorded can be assumed to be withe

in 0,05 peia of the true mean pressure, them
V(Peoo) & /05N 2 (c-6)
6 \ 2 ) ‘
- 0.20052
04 |

vhers pg = nmumbsr of independent rressure massurenents avaraged to
Similarly, if the uncertainty of measured temperature is ~5° s then

\.A'.“; = _1:.—- 2 - —_2—“2 (0'7)

z _
vhere ny = mmber of independent temperature reacdings.

I, now, as is ordinarily the case, only one pressurc and one tempere.
Pire exre veecovrded, then
(c-8)
"2¢o0) =

I

¢.8 (kgm)?
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Section 3212 - Pirge Cascade

The contribution to T-inventory vnecertainty of the purge

cascade inventory is:negligible, being rouchly estimsted at

0.C05, 2
Tin= 2T = Z AT (c-9)
b=
V = N = _2 V&) . 2 \/(ﬁ\
(TB\?) - Z V(T\ = Z “l _1_’5-7‘"- = Z P\L"ﬂ‘ :
t

vhere A;T size factor in kgm. T/cell/psiz Tor Scetion 312

-~

g = number of ecells per building

~ 16
oo V(I55) =

- 40053 ksm®
under the usual assudiption that 95% of all pressures recorded
actually are within'=0.1 psia of the true pressure of TFg at
that time,




Table XII, Part (a)

Influence cf Random Irrors in I;IeasuringvT-Inventory
. of Intercell riping
, -6< ). .
V(T By=07x/2 > MieVin
1=-3

where nip = num’ber of sets of intercell pipin.é per section, each set

measurcd once,

ViB = volume of esch set of intercell piping, in cu. ft,
- - 6 2
Secticon nen 750 Q,7Tix10" ngpgVip
"3 9 74 OOOA'
-2 21 140 0.39°¢
-1 15 230 0,58
1 39 120 : 1.02
28 46 150 0.74
b 85 ‘ 150 1.37
3a 46 70 0.16 :
3 118 70 WA
4 96 20 . 0.03
Total | 4474, T




influence of Random Exrers in casuring T~Inventory

of liizrouilding Piping
4
V(Tp) x 0.7 x 20°° & nviy
: 1=-3

vhere n4g = number of sets of interbuilding piping per section

T8 = volume of each set, in cu, It
Section 48 Vap 0. 7lx10’6niB ”iBz_
-3 l 150 0.02
) 3 300 0.1
-1 3 330 0,24
1l 5 320 C.37
23 5 270 0,26
2b 10 250 0.4,
2a 5 150 0,08
3> iz 130 0,10
4. 7T L0 ) 0,01
Total 1.7 kem ?

Sy gy )
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Error Due to Uncertainiy in Feed and Taste TFg Twrity

The weicht of T in the waste sireem during zmn inveniory reriod

is given by

| N -
/”, - ""‘"—" /“, Vo flf./
. 3

vhers T, - Total weight of T in Waste curing inventory peried
l, = number of wmste drums withdramm
5- ‘= fractiomel turiiy, L.e. fractloh of weighed materisl
which is 77
Wy = weight of raterial in vaste drum i in lgms.IF,
The corresponding varisnes equatlon is °
— e —_
e L ()

A L
= ST ) e K

How, the sscend term in bracl;ets is quits closely

V(F;) = 0.77 for & vaste drum weighed 10 times

The first term should not be apprecisbly greater than the.
socond term. Let us get the first term equal to 0.5 ‘Z'hcn;
since Wy = 1540

0.5 = /54D Y (5:)
W) = os/r/r#o*
dleosp) = 2 Y V)

= 272.09¢ o L"&',‘/ PCr ccnf"

. -
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Correspondingly, if feed drums ave weighed twice, Py for
feed purity should be ¥ 0,2 per cenmt. It will be corvenient to
analyze only one s;mple from eack lot of feed submitued by
Harshew, This sample should anelyzed to a precision of 0.05%,
since there are 15 drums in each lot. For product TFy purity,
even an unertainty of % 2 per cent will not contribute a
noticeable amount to the uncertainty of the I-balance,

In the overall material balance cn X, the situvation is
less stringent for feed and waste, and more stringent for
product. Using the criterion that the uncertainty contributed
by uncertainty in chemical purity be not appreciably greater

than that due to aasay in each stream, it appeads that foed TF6

purity should be known to = 1%, waste purity, and product TFg
purity to = 0.7%
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Talle XII1

Influence of Fardom Errors in Pressures and XZ-Assays

on Uncerteinty of I-Inventory,

See Sec‘tion VII, Part 9, for derivation of Bquation {32),

which is recopied here:

V (XCells) = variance of X-inventory of ceils of Section 300

. |
= six0t S X (5B + %)

7

where j = bullding number

Ng = iotal number of bulldings in cascade

bq
(94
]

xfinvexztory of buildings J

&
0

number of cells in building J

Pj = mean tails pressure in building J

Dyy = number of independent assays in building J _—
The following table lists the wvalues of

2 57/ '
AJ' = /{ _@ga an ¢ 5., J ﬂ{l o

for the case By = 2. The table thus permits & bullding-wise comparison
of the contribution of random érrors in Pressures and X-assays to-total
uncertainty in i—inventory. This comparison permits one to select the:
buildings for more careful pressure instrument calibration and for-repeated
assays if it 1s desired to reduce the X-inventory veriance in these ways.




Building
No. (j)

Section -3
311-1

Section -2
310-3

2

1

Section -1
309-2

k

Seetion 1
301-1

2

3

FA

5

Section 2a
302-1

2.

3

’A

5

Section 2b
303-2

10

Section 3a
304~

2
3
4.
5»

mlDe

Table XIII (Continued) ' .

P Sal X2 & B As4B Section Tota:
By 3——;—1;—3,?3 3 I AgBj (hy ¢ By

N oW

AV o e v e R0

61

9 153




Table XIII (Continued)

puilding
o (3) X n P 1 X.2 A B, AqB Section Total:
30" Ty 2 S R o TS
_ 3l J*°3
2 .
Sectiom 3b _—— = -
305-1 o
2 10
3 10
4 10
5 10
6 10
7 1\ 10
8 (110
9 10
10 i 10
11 110
12 .9 308
Section 4
3061 ‘11
2 4
® S Wb
) 4 14
5 114
6 /14
: 7 113 136
Totals for all Sections 778

Total Variance of X-Inventc:y due 1o Prerssures
and Assays £l x 1076 x 778 = 0,063 (KgmsX)2
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Table XIV ‘ | ' .

Summary Table: Influcnmce. of Random Errers in Pressure and

G

I LAssa?s cn Uncertainty of X-inventory

Section Variance due Variance cus Total Varisnce of

to Assays $0 Pressures Cascade . Xelfiw
_ , ventary due to Asseys
. : and Pr\essurea
-3 0,0000 0,0000 0.0000
- 0.0001 0.0003 4
1 o0 - 0,0009 " 13
2 ooc2 040037 49
2 o.0cc8 . 0,002 2
» ' 0,0040 0.0087 127
3a . om0 0,0029 39
S o012 0.0118 250
4- 00052 - 0,005 108
Totals  0,0258"%gmRX 0.0370 kem2X 0.0628 kgl
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